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INTRODUCTION 

Trl ticum-Ar.ropyron  hybridisation  haa  advanced  ao  rapidly 
alnoo  the  first  successful  cross  was  obtained  in  1930  that  it 
has  already  attained  major  Importance  in  the  field  of  plant 
breeding.   It  l.ad  a  similar  origin  with  Trlticum-Aorllops. 
Tr 1 1 1 cuin-Secale ,  and  similar  crosses  In  phylogenetlc  Investi- 
gations f  but  has  far  outdistanced  them  in  usefulness  as  well  as 
In  popularity.  Today,  IB   years  after  the  initial  successful 
hybridization,  scores  of  investigators  are  spending  all  or 
part  of  their  time  in  this  uovt   field  of  plant  breeding  the 
most  extensive  investigations  are  being  carried  on  in  liuscia, 
Canada,  and  the  United  States,  but  work  has  also  been  reported 
from  South  Africa  (5),  Australia  (51),  Italy  (19),  and  Germany 
(13). 

Armstrong  (7)  credits  the  Russian  scientist,  N.  V.  Tsitzln 
(also  tranalitorated  as  Zisine  or  Clcin),  with  obtaininr  the 
first  successful  hybrids  in  1930.  Though  this  is  generally 
conceded,  holts,  et  al.  (52)  state  that  illllraan  reported  ob- 
taininr;, a  hybrid  as  early  as  1903  but  that  the  authenticity  of 
the  cross  is  doubtful.  They  further  credit  ■•  J.  .ando  with 
obtaining  the  first  fertile  hybrids  In  the  United  States  in 
1935  after  having  worked  with  them  since  1923.   MoPadden,  ac- 
cording to  Mcladden  and  Uears  (39),  became  interested  in  their 
possibilities  as  early  as  1914  and  reported  on  his  hybridiza- 
tion attempts.  According  to  Armstrong  (7),  the  first  Canadian 


eroaaes  were  obtained  In  1935.   ;;lnce  than,  many  workers  have 
reported  obtalnlm  hybrids  between  the  different  species  of 
the  two  genera. 

An  evaluation  of  tho  Trltleum-Arropyron  hybrids  Is  still 
difficult;  If  con.-.orclal  acroa  o  Is  taken  as  an  Index,  then 
they  have  not  yet  established  themselves.   Although  the  popu- 
lar press ,  Davles  (16)  In  the  Country  Gentleman,  November, 
1944,  and  Strohm  (71)  In  the  Kansas  Farmer,  November,  1946, 
hints  at  commercial  acreage  In  Russia,  scientific  lltornture 
presents  the  program  as  still  In  the  #>xperimental  stage)  this 
Is  especially  true  of  tho  wheat-like  types,  but  It  is  possible 
that  the  fodder  types  are  bcln;;  Increased  extensively  In 
Russia  (SB)  and  Canada  (10). 

Their  permanent  Importance  has  led  3elesnev  and  Tomasevlc 
(62)  to  name  them  Agrotrltloa;  Khiznjak  (29)  further  suggeata 
that  the  term,  Arxotritlouia,  plus  th.i  name  of  the  wheat  species 
be  used  to  ldontlfy  the  new  forasj  e.g.,  Apxotrltleum  durum. 

Tho  objectives  to  be  gained  from  this  hybridization  have 
been  similar  In  tho  various  countries.  Tho  Russians  have, 
howevor,  placed  a  premium  on  the  perennial  derivatives  J  the 
Canadians  are  largely  Interested  in  a  large-seeded  forage  type, 
while  tho  workers  in  the  United  States  have  been  very  anxious 
to  transfer  tho  many  dlsoase  resistance  qualities  of  the  Ar, ro- 
py ron  species  to  wheat.  The  utility  of  a  perennial  wheat  In 
Kansas  Is  not  vory  great;  the  maintenance  of  stand,  its  chief 
value,  would  require  tho  utilization  of  moisturo  and  nutrients 


needed  for  making  a  grain  crop. 

In  1928  MoFadJen,  according  to  HcFaddon  and  Sears  (39), 
listed  the  following  desirable  attributes  in  the  Agropyron 
species  that  mifht  be  transferred  to  the  wheats!  perennial 
nature(  resistance  to  heat  and  drought,  extreme  wlnterhardi- 
nos3,  resistance  to  alkalino  and  acid  soil  conditions,  re- 
sistance to  various  diseases,  an.)  wide  geographic  adaptation. 
Heltz,  et  al.  (52)  have  listed  the  three  possible  derivatives 
from  such  hybridisation  as: 

1.  a  long-lived  wheat-like  plant  that  would  yield 
a  harvest  of  grain  in  consecutive  years  from  one  sowing; 
2.  a  dual-purpose  type  yielding  some  grain  and  suitable 
forage)  and  3.  a  forage  type  might  be  developed  with 
seeds  larger  than  those  of  the  oommon  grasses. 

The  article,  "Exploring  Unusual  Possibilities  in  Plant  Breed- 
ing", Yearbook  of  agriculture,  U.  S.  Dept.  Agric,  1936,  stntos 
on  page  197: 

The  measure  of  success  attained  from  such  wide 
crosses  will  depend  on  the  amount  of  hybrid  material 
produoedj  tho  training,  patience,  and  persistence  of 
tho  Investigator)  and  his  ability  to  recognize  what 
is  valuable  in  a  large  mass  of  material,  most  of  which 
is  worthless  (3). 

It  is  tho  purpose  of  this  thesis  to  review  the  literature 

dwaling  with  tho  results  obtained  fro-  Trlticum-AFTopyron 

hybridization  and  to  present  additional  experimental  data,  in 

order  to  determine  the  measure  of  success  attained  in  this  new 

field  of  plant  breeding. 


REVIEW  OF  LITERATURE 

The  literature  concerning  the  Trltloum-Apxcpyron  hybrid- 
ization is  becoming  ao  extensive  that  it  ia  difficult  to  re- 
view all  of  tha  material  published.  While  a  majority  of  the 
papors  or  abstracts  of  the  originals  will  bo  reviewed,  atten- 
tion should  be  oallod  to  a  number  of  reviews  available  that 
give  a  rather  comprehensive  view  of  the  investigations.  The 
Russian  work  up  to  and  Including  1936  has  been  compiled  by 
Tzitzln  (74).  The  cytology  of  the  Agropyron  species  and  their 
Trltloum  hybrids  was  reviewed  extensively  by  Aase  (2)  In  1946, 
and  briefly  by  Sears  (61)  in  1948.  The  earlier  Canadian  hy- 
bridization results  are  presented  by  Johnson  (22).  and  brought 
up-to-dato  by  Armstrong  and  Stevenson  (10)  in  1947.  The  breed- 
results  in  the  United  States  wero  reviowed  by  Smith  (67, 
60)  in  1942  and  1943;  Suneson  and  Pope  (72)  present  the  program 
as  of  1946,  especially  the  work  at  the  California  station; 
Vlnall  and  Ueln  (86),  in  1937,  ooraplled  an  extensive  record  of 
Agropyron  chromosome  numbers  and  tha  dates  of  the  earliest  re- 
ported crosses  in  Russia,  Canada,  and  the  United  states. 

The  Agropyron  Species 

According  to  Hoover,  et  al.  (20),  the  Ar.ropyron  gonus,  com- 
monly known  as  the  wheatgrasses  (from  ajtrloa ,  wild,  and  pyros, 
wheat),  contains  approximately  150  mostly  perennial  species 


widely  distributed  tliroughout  the  temperate  regions.  The  major- 
ity. 100.  aro  native  to  Eurasia  while  30  occur  In  Horth  Amorlcaj 
the  remaining  ones  are  found  mostly  In  South  America.  Of 
these,  only  a  small  number  have  been  tried  In  wheat  X  wheat- 
grass  crosses,  and  only  a  few  of  these  have  been  successfully 
used.   Sears  (61)  states  that  the  Ar.ropyron  c»nus  represents  a 
polyploid  series  with  a  basic  number  of  seven  chromosomes  sim- 
ilar to  that  of  tho  other  members  of  the  sub-tribe  Trltlceae 
and  shows  the  highest  degree  of  polyploidy  of  any  of  them. 
Most  of  the  "orossable"  species  are  In  the  higher  polyploid 
groups |  this  ha3  led  Vakar  (79)  to  suggest  that  these  forms  be 
Included  In  the  genus  Trltloum.   It  has  been  Indicated  by  Smith 
(68)  and  many  othors  that  crossing  within  the  Trltlcum  cenus 
often  ^lves  much  poorer  seed  set  than  that  obtained  In  certain 
Trltlcua-Apxopyron  crosses. 

Many  Investigators  report  widely  varying  orosslng  resulta 
even  whan  using  the  same  Trltlcum  and  Apropyron  speolea.  This 
has  led  Armstrong  (7)  to  suggest  that  polymorphic  forms  exist 
within  the  Agropyron  species.  Polymorphic  forms  of  A,,  elonga- 
tum  (2n  m,   70)  have  been  reported  by  Armstrong  (7)  and  Sapehln 
(66),  the  latter  reporting  one  form  with  only  56  somatic  chro- 
mosomes.  Araratjan  (6)  found  diploid,  tetraplold.  and  hexaplold 
forms  in  A_.  crlstotumj  Smith  (67)  states  that  polymorphic  forms 
of  A,,  repena  exist.  Tsitzln  la  quoted  by  Armstrong  (7)  as  hav- 
ing found  numerous  strains  of  A*   rlauoumi  the  results  obtained 
by  Slpkov  (65)  agree  with  Tsltzin's,  for  some  of  his  A.  r.laioura 


strains  cave  hybrids  which  formed  only  two  to  three  blvalonts 
at  meiosls  whllo  others  formed  14  pair.  Veruschklno  and 
Sheohurdino  (85)  working  with  A.,  intermedium  (synonym  for  A_. 
Klauoum)  oonoluded  that  both  It  and  A.  elonr.atum  had  several 
well-defined  forms  and  varieties.  Vakar  (73)  states  that,  in 
■enoral,  Mm  Ap.ropyrons  exist  as  polymorphic  forms  whioh  vary 
In  chromosome  number;.   Hare,  then,  is  the  key  to  the  widely- 
divergent  results  reported  when  local  forms  were  used  in  the 
crosses. 

Agropyron  Species  Used  in  the  Crosses 

It  has  already  beon  Indicated  that  only  a  small  number 
of  the  Agropyron  species  cross  successfully  with  wheat.  The 
delay  in  securing  fertile  hybrids  (or  even  sterile  ones)  can, 
then,  be  at  least  partly  ascribed  to  the  use  of  species  that 
do  not  cross  successfully  with  wheat.  Tzltsln's  suocess  in 
1930,  then,  is  partly  due  to  the  fact  that  he  had  at  hand  the 
two  native  Russian  wheat^rasses  that  cross  most  readily  with 
wheat  -  Arropyron  elongatum,  and  £•  rlaucum  (Intermedium) . 
Native  North  Amerloan  wheaterasses  do  not  cross  readily  with 
wheat,  thus  forcing  American  plant  breeders  to  rely  on  foreign 
introductions.  Nearly  every  species  used  successfully  13  na- 
tive to  Russia  or  Eurasia. 

Almost  without  exception,  investigators  attempting  the 
hybridisation,  report  success  when  uslni:  A_.  elonr.atum. 


•  gj  .  .     ±^;.c  -  .  .  '  v.':-  . "  :  :.u.  )  ala  i  crosses  quit  i   r«*dll*i  an 
reported  by  Armstrong  (8,  9,  10).  Peto  (45) ,  Peto  and  Young 
(40),  Vakar  (81),  Verusohklne  (82),  and  many  others.  Lapohenko 
(31)  reports  that  both  _A»  plauoum  an  A.  elongatum  have  beon 
erosaod  with  200  different  varieties  of  wheat,  and  adds  that 
the  success  Is  higher  when  the  wheat  varieties  themselves  are 
of  hybrid  origin.  Ar.ropyron  olonflatum  has  beon  crossed  suc- 
cessfully with  nearly  every  wheat  species;  the  greatest  diffi- 
culty la  encountered  in  cro;)3es  with  Trltlcum  aonooooomn  and  T. 
tlmophoevl.   '..hlte  (89)  reports  that  Tsltsln  obtained  a  cross 
with  T.  monococoum  while  Verusohklne  (82)  crossed  T.  monococcum 
with  A.  Intermedium}  Popova  (49,  50)  used  T.  tlmophoevl  success- 
fully In  orosses  with  both  £•  elongatum  on  __.  -lauoum. 

Armstrong  (8)  and  Armstrong  and  Stevenson  (10)  Indicated 
only  slight  success  when  using  A..  Junoeum,  A.  plnclum,  an  £• 
trlchophorum.  A  hybrid  was  obtained  by  Cstergren  (42)  from 
the  cross,  A.  junceum  >'  Trltlcum  turgidum.  White  (09)  was 
unable  to  secure  hybrids  from  crosses  Involving*  /U  Junceum, 
but  reports  that  Russian  workers  state  that  it  crosses  roadlly 
with  wheat;  Johnson  (22)  got  one  hybrid  in  a  cross  with  T. 
perslcum,  var.  Black  Persian. 

Varying  degrees  of  success  have  been  reported  with  the  use 
of  Agropyron  trlchophorum.  Love  ar.J  "uno3on  (33)  have  made 
extensive  use  of  A.  trlchophorum  In  crosses  with  Trltlcua  macha 
and  jr.  durum,  var.  Hlndum.  Smith  (67,  68)  also  obtained  a  high 
percentage  of  seed  set  and  hybrids  in  crosses  with  T.  durum  and 


T.  aeatlvma,  var.  Moslda  and  Turkey-Florence.  In  contrast, 
White  (G9)  reports  only  a  low  degree  of  success  In  the  use  of 
A.  trlchophorua. 

A  hybrid  betwean  Agropyron  orlatatum  an.1.  ?rltlcum 
tlmopheevl  was  reported  by  Y.erusohkln  (88),  but  Johnson  (22) 
and  Smith  (67)  had  no  success  In  crosses  with  T.  durum  and  T. 
vul^aroj  Smith  did  obtain  one  dwarf  plant  with  Hex  (T.  aestl- 
vum),  but  It  died  In  tho  seodllnc  stfago.   Smith  (68)  la  the 
only  one  reporting  work  with  A.  amurense  (an  A,.  Intermedium 
varlate),  which  he  crossed  successfully  with  £.  durum  and  T. 
aeatlvun. 

Seeds  have  in  a  few  cases  been  obtained  from  some  of  the 
other  crosses  attempted,  butt  In  general,  no  hybrids  with  the 
exooption  of  those  reported  by  Kovaleva  (SO)  for  A. 
obtusluacum  -  probably  obtualusoulmn  -  were  produoed  In  exper- 
iments involving  the  following  3peciost 

Johnson  (22) :  Gormless  seeds      Complete  failure 

£.  deaartorum      A.  pauclflorum 

A.  lmbrlcatum       A.  obtu3lU3Culum 
■  intermedium  td6) 


A.  siblricum 


£.  dasystachyum 


A.  /-rlfflthall 

At    arclthll 

£•  oanlnum 

/V.   rlchardaonll 
*>  :3ubaocundum  (86) 


Smith  (67) :  seeds  only 

A.  daaTataohyua 


".  ta  •.■■.:  \  ;  ■  ■ 

A.  caninum 
_A.  clllaro 
A.  lnermo 
A.  pun^ens 
_•  alblrloum 

_•  I  ■'-i----'  \ 
A.  trachycaulum 
/U  somlcostatum 
According  to  Vinall  and  Haln  (86),  tho  majority  of  the 
above  species  have  a  somatic  chromosome  number  of  28.  Apyo- 

•;-"•  ■  _ _,  __.   •:  I  ■   i  _.  I  I  g  ■..;.;.■  •■■:  :.      _•  J_J: "  .-.-j 

have  42,  rhila  A_.    ar.lthll  Rydb.  has  56  an  '  £»   elonratum,  70. 
Thus,  the  higher  chromosome-number  species,  with  the  excep- 
tion of  £•  smlthll,  appear  to  be  the  more  "crossable"  types. 


Cytology  of  the  -'rropyron  Species 


Aase  (2)  states  that  very  little  is  known  concerning  the 
cytogenetioal  relationship  within  the  large  genus  Ar.ropyron. 
Peto  (45),  Vakar  (79),  and  Ostorgren  (41)  are  about  the  only 
ones  to  study  the  eytolot;lcal  behavior  of  tho  Agropyron 
speoles  usod,  and  they  have  limited  their  observations  to  a  few 
spoclea.   Peto  found  that  at  melosis  tho  hexaplold  £.  Rlaucum 
formed  a  larf,o  proportion  of  blvalents  wit:  occasional  univalents 
and  multivalents  (quadrivalents)}  this  has  led  Aase  to  suggest 


10 


that  previous  Interchange  of  segments  between  non-homologous 
chromosomes  rauat  have  occurred  and  that  the  tetraploid  £. 
Intermedium  lacks  at  least  one  genome  that  Is  present  in  the 
hexaplold;  but  the  phenotyplc  difference  has  net  been  great 
enough  to  raise  both  to  a  separate  specific  rank- 
Love  and  suneson  (33),  who  have  worked  moat  extensively 
with  £.  trlohophorum,  state  that  its  meiotic  behavior  has  not 
been  studied. 

Whan  examining  the  decaploi  '  A,,  elongatum,  Peto  (45)  found 
a  very  unusual  situation  in  that  uni-t  bl-,  tri-,  quadrl-, 
quinqui-,  sexa-,  and  octavalent  configurations  occurred*  Vakar 
(79),  horever,  found  a  normal  pairing  of  35  bivalcnts.  Both 
agree  that  _A.  elongatum  is  an  amphidiploid  from  a  cross  between 
a  hexaplol d  and  a  tetraploid  Agropyron  with,  subsequent  doubling! 
t'.oy  suggest  that  the  hexaplold  _A.  intermedium  (glauoum)  was 
involved. 

Cytoloi.:lcal  examination  of  the  tetraploid  _A.  Junceum  re- 
vealed univalents  in  10  per  cent  of  the  cells  examined,  accord- 
ing to  Ostergren  (41) J  for  tho  hexaplold  R_»   repens,  he  found 
univalents  in  all  plunts  studied  and  quadrivalents  in  some. 
A  high  degree  of  instability  is,  thus,  evident  in  most 
of  this  genus*  Many  naturally-occurring  hybrids  have  been 
found  in  tho  cross-pollinated  ;;enus  Apiropyron.   Veruschklne  (82) 
states  that  _A.  Intermedium  and  A.  trlohophormn  cross  readily 
in  nature,  but  an  attempted  cross  between  A*   intermedium  and  £. 
repens  failed.  Ostorgron  (41)  reports  that  spontaneous  hybrids 
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between  4.  repen3  an  I  4.  juncoum  have  been  found  in  0  number 
of  localities  in  Sweden.  Sears  (01)  auggaata  that  t  e  poly- 
ploid serie3  In  Asropyron  is  essentially  of  an  autoploid  na- 
tural e.g.,  A.  crlatatum  (2X,  4X»  6X)j  A_.  splcatum  (2X,  4X); 
£.  .lunoeum  (4X,  6X);  and  A,,  intermedium  (4X»  6X).  The  pres- 
ence, however,  of  so  many  spontaneous  hybrids  is  sugcostive 
of  both  auto-  and  allopolyploidy. 

Seed  Set  and  Fertility 

The  obtaining  of  the  F,  aeed  is,  of  course,  the  initial 
atap  in  hybridisation;  seed  aet  la  expected  to  be  highest  when 
the  pairing  behavior  is  the  more  nearly  normal,  but  seeds  3et 
often  produce  hybrid  plants  which  exhibit  no  tendency  to  pair 
at  raelcsls.  Thus,  there  appears  to  be  a  matter  of  compati- 
bility apart  from  pairing  tendencies;  but,  in  general,  seed 
set  may  be  expected  to  be  correlated  with  pairing  behavior. 

The  literature  concerning  seed  sot  when  using  the  differ- 
ent species  la  somewhat  contradictory;  this  may  ba  due  par- 
tially to  the  polymorphic  strains  of  AKropyron  and  the  dif- 
ferent wheat  varieties  used  in  the  crosses.  White  (89)  re- 
ports that,  in  general,  the  aeed  sat  is  higher  when  using  £. 
elongatum  than  wit'i  A.  r.lauoum,  and  that  the  tetraplold  wheata 
give  twice  the  success  of  the  hexaplold  wheats.  Using  the 
winter  wheats,  Kovaleva  (30)  also  found  the  seed  set  to  be 
higher  when  using  A.  olonftatmn  ani  furthor  obs.srved  that  the 
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soft  winter  wheats  were  better  utilised  than  the  hard  winter 
wheats*  Lapchenko  (31),  however,  states  that  success  Is 
usually  better  with  £.  glaucum  than  with  A.  elonratum.   It 
may  be,  however,  that  ho  Is  referring  to  the  long  time  result 
and  not  to  the  Initial  cross*  Armstrong  (8)  compared  his  re- 
sults obtained  when  using  tetraplold  and  hoxaplold  wheats  and 
found  that  the  former  gave  the  highest  seed  set,  In  general, 
with  tho  two  named  Agropyron  species}  however,  In  euoh  case 
his  results  were  better  when  using  A/  nlaucuia;  totraplold 
wheat  X  A.  rlauoum,  17.4  per  cent,  and  with  A,   elongatum,  14.7 
por  cent}  hexaploid  wheat  with  £.  rlauoum,  7.1  per  cent,  and 
with  Am   eloHj-atum,  1.9  per  cent.  Sohneldermann  (58)  found 
higher  percentage  of  seed  set,  but  otherwise  agreed  with 
Armstrong's  work}  his  results  were:  Trltloum  vulgare  X  £• 
Intermedium,  29.4  per  cent,  with  A.  elonr.atum,  20.5  per  cent} 
T.  durum  X  £.  Intermedium,  53.6  per  cent,  with  £.  elonratum, 
35  por  cent. 

Smith  (67),  In  1942,  reported  that,  In  general,  he  ob- 
tained a  higher  seed  set  when  using  a  short  form  of  A»   lnter- 
medlum}  results  were  also  better  with  _A.  triohophorum  than  with 
/u  elongatum,  though  not  as  much  effort  was  made  to  obtain  hy- 
brids with  the  latter.  Using  A_.  trlchophorua,  A.  lntormedlum, 
and  £.  amuronso  In  tlie  next  year,  1943,  he  (68)  reported  that 
great  variability  can  bo  expected  due  to  the  varietal  differ- 
ences In  the  wheats  used,  but  that,  In  general,  durum  varie- 
ties aro  more  compatible  In  the  crosses}  average  seed  set  from 
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all  combinations  was  highest  when  using  A.  trlohophorura,  fol- 
lowed by  £.  lntermedluin  and  A.  amursnso  In  that  order.  A  gen- 
eral avorage  seed  set  of  50  per  cent  was  reported  by  Artemova 
(11)  for  £.  trlchophorunt  /W  elonftatumt  and  VW  Intermedium. 
Vfhen  using  the  othor  Ar.ropyron  speclest  lnvestlgatorsf  In 
general*  report  a  very  low  percentage. 

The  use  of  the  wheat  plant  as  female  parent  Is  genorally 
reported  to  give  a  higher  crossing  percentage  than  when  the 
reciprocal  cross  was  attempted. 

Sterility  In  the  F^  hybrid  has  been  the  next  obstacle 
In  Trltlcum-Arroi-yron  hybridisation.   Veruschklne  (8S)  In- 
dicates that  the  fertility  of  _A.  Intermedium  an  I  /W  trlchoph- 
orum  hybrids  Is  distinctly  less  than  that  of  A.  olonp.atum 
hybrids.   Lapchenko  (31)  reported  that  the  £.  olonratum  Pj_ 
hybrid  was  three  to  five  por  cent  self-fertile  as  compared 
with  the  completely  3terllo  £.  fqaucuro  F±   hybrid}  in  contrast 
tho  Fg  A.  F.lauoum  hybrids  were  81.7  por  oent  fertile  as  com- 
pared with  tho  54.8  psi'  cent  for  the  A.  olonr.atum  F2  hybrids. 
The  £.  olongatum  hybrids  were  also  reported  as  being  more 
fertile  in  the  F^  by  oohneiderraann  (58).   Popova  (50)  obtained 
only  one  grain  In  two  years  from  a  Trltlcum  tlraopheevl  I  A_. 
elongatum  hybrid  and  none  from  the  cross  with  A.  rlaucum.  After 
four  generations  of  line  breedlngi  Armstrong  (8)  reports  a 
gradual  Increase  in  fertility;  the  literature  is  genorally  In 
agreement  with  this. 
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Cytology  of  the  Hybrids 

Prom  evldenoo  obtained  In  Interspecific  hybridisation, 
Sax  (56),  In  1922,  stated  that,  in  general,  sterility  Increases 
as  the  proportion  of  univalent  cliromosoraes  in  reduotion  di- 
vision increases.  Thompson  (73),  in  1930,  underscored  the 
work  of  Sax  and  added  that  a  shrivelled  endosperm  In  cereals 
was  indicative  of  this  same  chromosomal  unbalance  -  the  un- 
balance always  being  the  more  exaggerated  because  of  its  3n 
condition.  Armstrong  (8)  notioed  a  significant  correlation 
between  chromosome  numbers  and  fertility  In  advanced  genera- 
tions* During  the  early  years  of  Trl tlcum-Anropyron  hybrid- 
isation, the  Russians  did  extensive  cytological  work  and  cor- 
related sterility  with  lack  of  chromosome  pairing  during 
meiosisj  of  late,  however,  different  theories  have  been  ad- 
vanced.  Taitzin  (77)  quotes  Klkot  am!  Volkova  as  stating 
that  similarity  in  chromosome  number  is  not  the  main  factor 
in  determining  fertility.   Schneldormann  (50)  definitely 
states  that  the  environment,  not  chromosome  compatibility  or 
Incompatibility,  is  the  chief  factor  in  fertility  or  sterili- 
ty. Arrastronr  and  McLennan  (0)  agree  that  failure  of  ohro- 
mosomes  to  pair  may  not  be  due  to  a  lack  of  homology,  but 
that  temperature  and  genetic  factors  may  disturb  the  oytody- 
namics  of  the  cell.   It  was  recognized  by  Vakar  (79),  how- 
ever, that  hybrids  In  which  pairing  wa3  complete  were  entire- 
ly self-fertlloj  cases  of  high  bivalent  formation  accompanied 
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by  high  sterility  aro,  however,  reported  by  Popova  (SO)  and 
Khignjak  (27). 

Heports  of  no  pairing  to  complete  pairing  at  nelosls  are 
found  In  the  literature,  the  amount  depending  on  the  species 
and  strains  of  Agropyron  and  Trltlcum  used.  Pairing  has  been 
used  by  Vakar  (79,  81),  Popova  (49,  50),  Peto  (45),  Love  and 
Sunoson  (33),  McFadden  and  Sears  (30,  39)  to  establish  chro- 
mosomal and  genome  homology  betweon  the  two  genera. 

From  his  oytologlcal  examination  of  the  hybrid  material, 
Peto  (45)  suggested  that  either  the  A  or  B  genome  of  wheat  is 
present  in  .A.  rlauoum  and  £.  eJLongatumj  then,  jW  ;;laucum 
could  have  the  genome  formula  of  A  Xj_  Y^»  an •;  4.  olon;;atum, 
A  Xj_  *2   Yj_  Yg.  Thu3,  in  a  cross  of  A_.  olonratum  with  Trltlcum 
vul:-aro  up  to  21  blvalonts  might  be  expected  from  allosyndesia 
of  the.  a  genomes  and  autosyndeais  of  the  X]_  Xg,  and  Yx  Yg, 
leavlnr-  only  the  B  and  C  as  14  univalents.  He  aotually  ob- 
served two  sets  of  unpaired  ohromosomes  and  many  multivalents 
in  T.  vulgare  X  &,   olonrratUEi  hybrids.   In  crosses  with  A. 
glauoum,  ho  observed  an  average  of  only  4,8-6,2  bivalents, 
substantiating  his  theory  that  they  must  have  one  set  in 
common.  Vakar  (79),  in  crosses  of  T.  vulr.aro  X  A.  elon-atum, 
somatic  chromo3omo  number  of  56,  found  that  In  reduction  di- 
vision usually  42  or  35  chromosomes  were  formed  -  In  the  first 
oase  14  bivalents  and  28  univalents,  and  in  tho  second  oase  21 
bivalents  and  14  univalents;  Inter  (80),  ho  observed  In  the 
same  cross  an  average  of  10  bivalents  with  a  maximum  of  28 
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bivalents,  and,  therefore,  suggested  that  k*   elonnatum  must 
have  three  sets  of  chromosomes  In  common  with  wheat,  desig- 
nating them  as  Aa,  Ba,  and  Da  (following  the  Japanese  sys- 
tem). The  28  bivalents  could,  then,  be  explained  on  the  basis 
of  all03yndesls  of  AaAfc,  BaBt,  DaDfc  genomes  and  autosyndesis 
of  the  two  Agrooyron  sets  of  X1X2'  tyropyron  gJLaucum,  ho  be- 
lieved to  be  of  the  desiccation  Aa,  Da»  and  X]_. 

KhlSnJak  (27)  agrees  with  Vakar  that  £.  elonnatum  has  the 
A,  B,  and  D  genomes  homologous  with  wheat  and  two  genomes,  X^ 
and  Xg,  not  found  in  wheat.   If  A.  elonr.atum  is,  then,  an 
amphldlplold  of  a  tetraplold  and  hoxaplold,  and  £.  Intermedium 
is  the  hexaploid  involved,  then  £.  Intermedium  mu3t  be  Aa,Da 
(or  Ca)»  X]_,  and  the  tetraplold,  Ba,  Xg  (not  tho  tetraplold  A. 
Intermedium,  however).   In  crosses  of  £•  vulftare  X  £•  Inter- 
medium, Vakar  (81)  found  7  to  14  bivalents  in  the  F^,  depend- 
ing on  the  strain  of  A,,  Intermedium  used}  tho  Pg  Invariably 
had  up  to  21  pair  while  the  P»  had  from  21  to  28  bivalents. 
Therefore,  he  sug-  03ted  as  indicated  above,  A.  lntornedlum 
must  have  the  A  and  D  genomes  In  common  with  vulnnre  wheats; 
in  addition,  he  indicated  that  the  A  genomes  were  more  homol- 
ogous than  the  D  and,  therefore,  more  ohromoaorne  exchange 
could  be  expeoted  In  thorn.   Sapehln  (56)  found  21  bivalents 
and  7  univalents  In  a  cross  of  T.  vulnare  and  _A.  olongatum 
that  had  only  56  somatic  chromosomes,  but  with  J\.  nlaucum 
could  get  only  2  to  3  blvalsnta.  T.  durum  gave  an  average 
of  10  blvalonta  In  crosses  with  _A.  r.laucum,  according  to 
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literature  reviewed  by  Peto  (45),  Indicating  that  they  possi- 
bly had  two  genomes  in  oommon,  tho  A  an !  B.  The  apparent 
discrepancy  may  be  due  to  the  inability  to  determine  exactly 
whleh  genome  la  actually  being  paired  at  reduction  division. 

Popova  (49,  50)  has  underscored  Vakar'3  theories  by  not- 
ing the  results  of  T.  tlmopheevl  crosses  with  A.  elonratum  and 
A.  plauoun.   In  the  first  cross,  21  bivalents  ami  7  univalents 
were  found  which  suggested  pairing  of  AftA^»  BaGt.  xl*2'  ^9QV~ 
ing  the  7  univalents  of  D.  In  the  second  cross,  only  2  to  7 
bivalents  occurred  -  these  having  beon  formed  by  tho  AftAt 
genomes |  why  XjXg  oould  not  or  did  not  provide  the  bivalonta 
is  not  e.-plainod. 

Working  with  £.  trlchophoruia,  Suneson  and  Pope  (72)  noted 
that,  in  general,  tho  pairing  la  very  loose  and  incomplete. 
Love  and  .sunoson  (33),  in  an  earlior  report  on  k»   trlchophorum 
hybrids,  report  a  great  deal  of  variation!  In  T.  durum  v 
Mindura  )    A.  trlchophorum  hybrids,  2n  »  35,  they  could  find  but 
few  chromosomes  In  common  and  what  pairing  there  was  ml^ht 
have  bean  due  to  homology  of  parts  and  not  wholo  chromosomes. 
Fifty  nuclei  at  first  metaphase  of  two  F-^   plants  were  examined 
One  plant  had  an  average  of  1.60  palra|  five  different  pairing 
arrangemants  of  the  35  chromosomes  were  seen.  The  seoond 
plant  had  an  average  of  C.06  pairs  with  20  different  pairing 
arrangements .   Closed  bivalents  were  rarely  seen.   In  a  plant, 
with  56  ohromosomes,  having  arisen  from  an  unreduced  fertilized 
gamete,  20  pairs  were  observed,  11  of  which  were  ring  bivalents; 


la 


polyploids  with  2n  «=  70  wore  not  true  araphldlplolds ,  Tor  35 
blvalents  wore  not  seem,  27  belnc  tho  highest  number,  of  which 
only  17  were  closed  and  of  these  only  three  pairs  were  really 
homologous.  In  T.  raacha  XA.  trichophorum  crosses,  2n  ■  41, 
only  three  closed  pairs  were  observed;  one  derivative  with 
2n  =  70  had  24  puira,  10  of  which  wore  ring  blvalents;  six 
ohaina  of  threo  were  observed  and  as  many  as  20  chrono3omes 
were  Involved  in  multiple  associations.   In  all,  44  differont 
palrinn  arrangements  were  observed  in  the  50  cells  examined. 
Apparently  A.  trichophorum  has  few  chromosomes  in  common  with 
either  T.  durum  or  T.  r.acha. 

bstorgren  (42)  Indicates  that  the  sero  to  seven  blvalonts 
that  he  reportod  In  the  T.  turp.ldum  X  A.  Junoeum  hybrid  may  be 
due  to  allosyndetic  pairing  of  the  wheat  and  A,~ropyron  chromo- 
somes, or  autosyndesls  of  either  setj  the  latter  appears  to 
be  more  probable. 

The  amount  of  pairing  Increases  in  advanced  generations) 
Armstrong  and  Stevenson  (10)  report  that  In  Pg  Vernal  emmor  X 
£.  elonf-atum,  2n  =■  54,  25  pairs  and  two  Irregular  pairs  were 
noted,  denoting  that  genetic  stability  was  only  one  pair  away. 
Vakar  (01),  working  with  Fj_  to  Fg  A_.  intermedium  :  T.  vulgaro, 
also  reports  more  pairing  In  the  advanced  generations. 
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Methods  of  Obtaining  Fertile  Hybrids 

The  success  of  the  hybridization  program  depends  on  the 
fertility  of  the  hybrlds|  In  order  to  achieve  thlst  a  number 
of  techniques  have  been  employed.  Armstrong  (8)  has  plaoed 
these  Into  three  categories:  namely,  line  breeding,  backorosa- 
lng,  and  t';e  production  of  amphidlploida.  The  Iiuasians  also 
advise  crossing  the  F^  to  advanoed  hybrids  of  similar  crosses. 

The  hybrid  material  has  been  most  often  seeded  in  bulks 
for  a  number  of  years.   From  these  bulks,  the  more  fertile 
types  have  boon  selected  for  line  breeding.  The  fertile  types 
may  have  obtained  functional  chromosome  complements  due  to 
loss  or  gain  of  univalents  following  random  assortment  at 
melosls.  The  Fg  Vernal  emmer  X  A.  elongatum,  8n  »  54,  with 
25  pairs  of  chromosomes  is  a  good  example  of  fertility  being 
achieved  as  a  result  of  line  breeding,  .'.unoson  and  Pope  (72) 
lndloate  that  even  in  the  more  stable  lines  tho  percentage  of 
F-,'8  exoeeds  five  per  cent]  this  random  crossing  is  of  much 
practical  importance  and  suggests  that  considerable  progress 
can  be  expected  from  the  seeding  of  bulks  and  subsequent  line 
selection,  nevertheless,  after  seven  years  of  line  breeding 
none  of  tho  perennial  types  had  been  oonplotely  stabilized. 
The  Russians  have  reported  stable  lines  in  a  much  shorter 
time.   According  to  Armstrong  (8),  four  generations  of  line 
breeding  have  boon  effective  In  securing  a  gradual  increase  in 
fertility,  seed  weights,  and  percentage  of  perennial  plants  in 
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selected  lines. 

rackcros3lng  to  the  wheat  or  graas  parent,  depending  on 
which  type  Is  desired,  has  the  advantage  of  giving  the  de- 
sired type  more  quickly.  Those  wanting  to  obtain  the  wheat- 
like derivatives  should  use  this  method,  for  such  charactora 
as  quality  can  be  best  accumulated  in  this  manner.  It  is  to 
be  expected  that  backcrosslng  to  wheat  would  give  more  annual 
segregates,  as  indicated  by  Armstrong  (8). 

The  production  of  amphldiploids,  theoretically,  shoul : 
result  In  complete  fertility  and  stabilization  of  tho  chromo- 
some number  at  the  amphldiplold  level  with  grass  chromosomal 
pairing  inter  ae  an<!  whe;;t  chromosomes  also  pairing  Inter  se.. 
Amphldiploids  may  arise  naturally  due  to  the  union  of  two  un- 
reduced gametes  or  may  be  effected  by  nechanleal  or  chemical 
means.  Raw  (51),  in  1930,  reported  the  first  use  of  colchicine 
to  obtain  fertile  amphldiploids  from  a  eterllo  intorgenerlc 
cross  of  T.  vulgaro  X  A.  Intermedium.   Farller,  Peto  (46)  had 
used  hot  aad  cold  te-perature  treatments  at  meiosls  to  effect 
ohromosome  doubling.  He  Increased  the  somnt'c  chromosome 
number  of  a  T.  vulgaro  X  A.  plaucum  hybrid  from  42  to  84,  but 
the  progeny  were  weak  and  did  not  produce  spikes.   iince 
then,  Peto  and  Boyes  (47)  and  Peto  and  Young  (48)  have  util- 
ized gelatin  colchicine  capsules  pieced  on  the  cut  stems  at 
tillering  time  to  obtain  amphldiploids  of  A.,  rlaucum  with  T. 
vulgaro ,  T.  durum,  Vernal  eramer,  an>i  T.  pyramldale. 

KhlSnJak  (28,  29)  reports  amphldiploids,  2n  =  70,  of  T. 
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durum  and  T.  perslcum  with  /W  Intermedium  that  are  especially 
useful  fodder  crops j  thoy  can  bo  propagated  by  cuttings  as 
well  as  by  seed.   Armstrong  and  McLennan  (9),  workinr  with  an 
amphidlplold  7.  turrldum  >:  A.,  plaucum,  2n  =  70,  Indicate  that 
complete  pairing  of  the  wheat  chromosomes  Inter  se  ant!  Arro- 
pyron  chromosomes  Inter  se  did  not  occur.   Pairings  In  Fj  find 
Fg  v.oro  Imperfect,  resulting  In  progeny  with  somatto  chromo- 
some numbers  of  64  to  69.   Partially  homologous  chromosomes 
from  each  parent  paired  to  give  multivalents,  thus  leaving 
aomo  univalents;  pairing  was  also  weak  and  often  did  not 
persist  to  diaklnesis.  Later  generations  showed  more  complete 
pairing.  Ho  tendency  to  revert  to  lower  chromosome  numbers 
was  observed.  Amphidlploldy  Is  the  quickest  way  to  effect 
fertility  In  crosses  involving  species  with  the  lower  chro- 
mosome numbers;  as  of  1945,  Armstrong  (8)  reports  that 
amphldlplolda  of  T.  vulf-nre  1   A.  olongatum  with  2n  ■  112  had 
not  been  obtained;  ho  postulates  that  amphldlploldy  with 
plants  already  of  a  highly  polyploid  nature  Is  not  effective, 
possibly  due  to  coll  size  In  relation  to  Increased  amount  of 
chromatin  material  and  to  other  disturbances  In  the  cytody- 
namics  of  the  cell. 

Phylogenetlc  Relationship  In  the  3ub-trlbo  Trltlcoao 

From  a  cross  of  Aepllopa  cyllnurlca  wit'.  Trltlcum  vulpiaro, 
Sax  and  Sax  (67)  decided.  In  1924,  that  a  chromosomal  relation- 
ship exists  between  some  Aorllops  speclos  and  T.  vulnaro; 
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they,  therefore  postulated  that  the  origin  of  T.  vulr.are 
might  be  due  to  a  natural  cross  of  acme  member  of  the 
M-llopB  croup  with  one  of  the  emroer  series*  In  1026,  Guinea 
Aaae  (18)  gave  the  genome  foraula  of  Ae.  cyllr.i'rlca  as 
C  and  D.  After  a  series  of  Trlttcmn-Aegllopa  crosses,  Long- 
ley  and  Sando  (3S)  eet  tie  following  genome  formulas  for  some 
of  the  Aei:ll0P3  spoclas:  /&.  eyllndrlea,  B  an  I  D|  Ae.  ovat:. , 
A  and  C|  Ae.  oraasa,  B,  D.  and  F.  Aor.llop.]  squarrosa,  accord- 
ing to  KeFaddon  and  Se«M  (3R),  has  only  the  C  genome. 

•      3cltoides,  however,  appears  to  pair  with  chromo- 
somes from  both  tho  A  and  B  genomes  of  Tritlcum.  The  .'.mport- 
ant  point  la  that  at  least  ><MM  of  the  T.  vult-aro  genomes 
are  present  in  some  of  the  AokMop  =  3peoies,  and  that  poa  Ibly 
all  three  may  be  present  in  the  series  as  a  whole. 

■  Aaae  (2)  stated,  In  1946,  that  r.ecale  ooreale  apparently 
has  no  chromosomes  in  common  with  wheat.  Numerous  wheat-rye 
hybrids  have,  however,  been  obtained  by  araphi diploidy.   In 
crosses  of  "ecalo  cereale  with  tho  Agropyron  species  (espec- 
ially A*  intermedium)  a  higher  number  of  blvalonts  have  boon 
reported  than  in  wheat-rye  hybrl.l3.  Crosses  have  boen  re- 
ported betwj      -la.  cereale  and  tho  following  species  of 
Hr.ropyrun;  ropens ,  slblricum,  and  trlchophorum  (67);  and 
crlatatum  (06).   Hye,  thus*  seoms  to  be  closer  to  Agropyron 
than  to  wheat. 

Vorusohkine  (82)  obtninod  crosses  of  A^.  lntermodlum  with 
a  number  of  Aer.ilops  species;  tho  hybrids  were  perennial, 
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intermediate  between  themt  and  partially  self- fertile. 

Vakar,  thus,  maintains  that  Agropyron  conua  is  related 
to  the  Secalo  and  Aeyllops  cenora  as  well  aa  to  the  Trltlcum 
genera.   Veruschklne  (83)  early  (1935)  suggested  that  Agro- 
pyron  might  contain  tho  aneeatora  of  Trltlcum. 

The  basic  number  in  thia  rrc*oup  of  cereals  is  five  and 
not  seven  as  is  commonly  believed,  according  to  Pathak  (43). 
This  would  aooount  for  some  of  the  peoullor  bivalent  numbers 
obtained  and  Indicate  that  chromosome  behavior  may  not  be  on 
a  strictly  genome  basis  Inter  se,  but  may  overlap  from  one 
genome  to  another.  He  further  states  that  chromosome  mor- 
phology In  tho  A  and  B  sets  of  the  emmera  is  sufficiently 
different  to  indloato  that  B  is  not  a  duplication  of  A  and, 
therefore,  must  havo  come  from  a  different  source.   :'.o-o  of 
Vakar' s  work  also  indloates  that  tho  "wheat"  chromosomes  In 
Agropyron  may  not  all  be  from  the  same  genome  but  from  both 
the  A  and  B. 

Prom  their  experimental  efforts  to  trace  the  origin  of 
T.  spelta  and  Its  hexaplold  relatives,  MoPadden  an'.  3eara 
(3D,  39)  have  suggested  that  tha  Aerllops  genus  probably  con- 
tributed the  C  genome,  Trltloum  th:>  A,  and  Arxoiyron  the  B 
genome.   Trltlcum  monococciun,  a  diploid,  apparently  has  the 
A  genome  In  Its  purest  form}  other  diploid  oinkorns  are  T. 
aer;llopolde3,  and  T.  thaoudar.   Trltlcum  spelta  could,  thon, 
have  resulted  from  a  cross  of  any  one  of  tho  earners  with  Ae. 
squarrosa  which  has  the  C  genome.   Tho  tetraplol:!  whep.t,  £« 


24 


peralcum,  may  hr.ve  boon  the  •mmer  Involved.  Tho  B  genome 
may  bo  located  In  the  Anropyron  gamut  for  they  Indicate  that 
Aftropyron  tritlceum,  Oaertn. »  2n  =  14 »  a  common  weed  In  the 
wheat  fields  of  southeastern  Europe ,  has  all  of  tho  major 
characteristics  (such  as  freo-throshing)  that  distinguish 
the  take  Dweller  wheat ,  T.  ant 1 quorum ,  fron  T.  raonoooccum. 
It  Is  also  postulated  that  T.  antlquormn  may  be  tho  same  as 
T«  peralcum.   This  oould  be  an  amphldlplold  of  T.  monococcum, 
with  the  A  genome  of  seven  chromosomes ,  and  A,  tritlceum, 
with  the  B  genome  of  sevon  ohroroosomas.  Efforts  to  combine 
tho  two  have  failed.   Another  cross*  T.  dlcoccoldos  X  Ae. 
apeltoldes,  Indicates  some  homology  of  tho  latter' s  chro- 
moaome  with  both  the  A  and  B  genomes  of  tho  former,  thus 
adding  to  the  confusion.  Haynoldia  may  also  be  Involved  in 
the  genome  origin  for  in  crosses  with  T.  vulp.are  one  of  the 
seven  chronoioraea  of  Ilaynal-Ua  vllloaa  occasionally  pairs 
with  a  C  genome  chromosome.  At  least.  It  serves  to  indicate 
the  inter-relationahlp  existlnf  among  Trlticum,  Agropyron, 
■'■enilops,   jcnle,  and  possibly  Haynaldla. 

Differences  Betweon  the  Agropyron  and  Trlticum  .pedes 

Agropyron  species  differ  from  the  Trlticum  species 
sharply  for  some  characters,  while  for  others  the  differences 
are  not  pronounced. 

Trlticum  species  are  annual  or  winter  annuals,  while  the 
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Aftropyron  species  are  almost  exclusively  perennial  (OC). 
Another  major  difference  occurs  In  the  expanse  of  the  root 
systems;  the  Arropyron  species  may  or  may  not  be  atolonlfer- 
oua  in  habit,  but  are  sod  formers  because  of  their  extensive 
root  systems  that  far  exceed  those  produced  by  the  Trltioum 
species.  Xerophytio  leaf  characters  are  reported  by  Arm- 
strong (B)  for  both  £.  elongatum  and  A.  plauoum.   The  two 
characters  combine  to  produce  a  considerable  degree  of  drought 
resistance • 

There  are  general  resemblances  in  growth  habits  and  spike 
characters*  as  was  recognized  by  the  early  taxonomists.   How- 
evert  tho  Aftropyron  species  have  a  more  brittle  rachls  (10). 
While  both  free-threshing  and  nonfree-threshing  types  are 
found  in  Trltlcumt  the  AEropyron  species ,  with  tho  exooptlon 
or  ]_.   trlticoum  (39),  havo  adhering  glumes.   Though  naturally 
cross-pollinated,  the  Agropyron  species  ar ■  apparently  highly 
self-fertile  when  bagged  (86);  the  wheats  are,  of  course, 
self-pollinated. 

Trltioum  kernel  colors  are  carried  in  the  testa  (red 
color)  or  in  the  cross-layers  of  tho  pericarp  (the  purple 
colors  of  soma  of  tho  T.  dlcoccum  and  T.  durum  varieties) 
(15).   Arropyron  appears  to  oarry  alaurone  colors,  especially 
brown  and  green. 

High  tolerances  of  a  wide  range  of  soil  pH  conditions 
have  boon  reported  for  the  Ar.ropyron  species  by  Tsitzln  and 
many  others. 
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Armstrong  (8)  reports  additional  differences!  namely, 
3plke  density,  leaf  width,  scabrousness,  glume  widths,  and 
awnlessness.  Spikes  of  Agropyron  aro  lax,  but  long,  and  eon- 
tain  a  large  number  of  splkelot3  in  spite  of  their  loose 
arrangement.  Sharman  (63)  states  that  Ar.ropyron  glumes  are 
straight-sided,  but  that  the  splkelots  are  markedly  V-shaped. 
Awnlessness  la  typical  of  the  Arropyron  species  used  in  the 
crosses  while  awned  and  awnless  types  are  common  in  wheat. 
The  grain  of  Arropyron  Is  small  In  comparison  with  the 
rain  of  wheats,  but  much  higher  in  percentage  of  protein, 
and  the  common  elements  calcium,  potassium,  and  phosphorus; 
it  is,  however,  low  in  percentage  of  carbohydrates  and 
nltrogen-freo  extract. 

Inheritance  of  Characters 

Expression  of  Docinance.  Most  investigators  generally 
are  agreed  that  tho  Ar.ropyron  habit  is  dominant  in  the  Fj^ 
Armstrong  (7)  states  that  it  is  more  marked  in  A,,  elongatum 
crosses  than  in  the  A.  flaucum  hybrids.  Ar.ro pyron  elongatum 
dominance  is  greater  in  advanced  generations  than  that  of  A. 
intermedium  and  A.  trlchophorum,  according  to  Artemova  (11). 
Verusehkino  (82)  also  noted  that  A,,  elonr.atum  hybrids  are 
more  perennial,  while  A.  trlchophorum  ami  A.  intermedium 
hybrids  aro  wheat-like.  This  Is  possibly  due  to  the  excess 
of  AtTopyron  chromosomes  in  tho  JV.  eloncatum  hybrids  -  tteia 
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preponderance  being  retained  longer  In  the  future  generations. 
Vakar  (79)  merely  states  that  the  F±   show  marked  resemblances 
to  the  grass  parent.  Kany  Intermediate  types  are  possible;  in 
the  advanced  generations  these  predominate ,  according  to  White 
(88)  and  Armstrong  (7).  Complete  dominance  of  the  porennial 
habit  in  the  Ft  Is,  perhaps,  the  most  marked  characteristic  of 
these  crosses.  This  has  been  reported  by  Armstrong  (7),  Arm- 
strong and  Stevenson  (10) ,  Y.lilte  (89),  Johnson  (2S),  and 
Veruschkine  (82).  Armstrong  (7)  found  a  condition  of  inter- 
medlaoy  in  respect  to  some  of  the  quantitative  characters  such 
as  loaf  width,  scabrousness,  spike  density,  awnednees,  and 
glume  width.  White  reports  partial  Agropyron  dominance  in  the 
Pj,  of  primary  root  number,  primary  leaf-vein  number,  stem 
hollownes3,  leaf  texture,  head  density,  number  of  florets  per 
spikelot,  beak  type,  and  glume  characters;  Johnson  places  dom- 
inance into  three  types:  1.  complete  dominance  in  porennial 
nature,  vegetative  vigor,  and  extent  of  root  system;  2.  par- 
tial dominance  in  shattering  raohls,  adhoronoe  of  glumes  to 
seeds,  and  wlntorhardlness;  and,  3.  intermediate  inheritance 
in  texture  of  mature  root,  size  of  seed,  rigidity  of  leaf,  and 
leaf  pubesoence.  White,  however,  found  the  naked  seed  char- 
acter of  wheat  to  be  partially  dominant.  Tzitsln  (77)  states 
that  Ragulin  noted  Agropyron  dominance  In  the  T?^   floral 
structures. 

In  advanced  generations,  hybrids  shov.lng  the  dominant 
characteristics  of  the  Fj_  are  few  in  comparison  with  the  pro- 
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dominating  Intermediate  typo.  White  (89)  found  that  In  hexa- 
plold  wheat  >.  A.  elon;;atum  crosses*  both  parental  types,  for 
most  characters,  were  recovered  by  tho  Pgl  however,  the  Inter- 
mediate types  continued  to  predominate.  The  tendency  of 
progeny  to  revert  back  to  parental  types,  as  found  in  Inter- 
specific wheat  crosses,  Is  not  so  evident  In  Trltloum-AF;ro- 
pyron  crosses,  according  to  Armstrong  and  Stevenson  (10). 
This  suggests  that  the  dominant  factors  must  bo  due  to  many 
genes  which  are  reassembled  slowly.   Veruachklne  (84)  also 
noted  that  these  crosses  differ  from  most  lntergeneric  forms 
by  the  presence  of  a  larger  number  of  intermediate  types; 
dominance,  he  adds,  must  be  due  to  a  highly  oomplex  and  com- 
plicated scheme  of  inheritance.  He  suggested  that  the  origin 
of  new  forms  in  distant  crosses  is  more  than  merely  a  result 
of  recombination  -  rather  due  to  mutations  caused  by  distant 
hybridization.  Lapchenko  (31)  also  reported  a  decrease  in 
tillorln;  ,  number  of  perennials,  and  root  development  with 
advancing  generations;  but,  ho  adds,  the  large  intermediate 
group  Is  the  most  valuable. 

Hybrid  Vlr.or.  Hybrid  vigor  in  interspecific  hybridiza- 
tion of  ceroals  Is  usually  lacking.   In  Trl tlcum-Ar.rcpyron 
hybridization,  however,  the  F]_  has  boon  reported  more  vigor- 
ous than  either  parent  by  White  (89),  Vakar  (79),  Voruschkine 
(82),  and  Johnson  (22).  White  noted  that  the  vigor  was  re- 
duced considerably  in  the  Pg  and  future  fenerations. 
Verusohkine  reported  that  hybrid  vigor  is  especially  notice- 
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able  in  A.  elonr.atum  crosses  and  cited  as  an  example  the  deeper 
green  color  of  the  F,'s.   Johnson  (22)  noted  hybrid  vigor  as 
the  expression  of  such  quantitative  characters  as  height, 
leafiness,  tillering*  and  the  prolongation  of  the  vegetative 
period. 

Stability  of  Hybrids.  Tho  real  measure  of  success  In  the 
Trltlcum-Arropyron  hybridization  program  is  th9  stabilization 
of  the  desired  types.  Sunoson  and  Pope  (72)  have  pointed  out 
that  after  seven  year3  of  breeding  none  of  their  perennial 
lines  was  completely  stabilized;  outstanding  plants  were  dif- 
ficult to  fix  by  selection.  On  the  othor  handt  Cicin  (14),  in 
1943,  i sported  that  constant,  non-segregating,  perennial  lines 
had  been  obtained.  Homosygous  reactions  for  rust  resistance 
and  other  characters  have  been  used  by  Sunoson  and  Pope  to 
indicate  that  Agropyron  oharactora  are  being  retained  by  the 
progeny.  Amphidlplolda  appear  to  be  more  perennial  than  se- 
gregates selected  by  line  breodingi  at  boat*  however,  only 
limited  perenniallsm  has  been  attained. 

Drought  itesistanoe.   actenslve  investigations  regarding 
the  root  systems  of  tho  hybrids  have  not  been  reported.   It 
seems  reasonable,  however,  to  assume  that  tho  report  of 
drought  resistance  oan  Indicate  inheritance  of  the  extensive 
root  systems  of  Agropyron.   Tho  Influence  of  xerophytlc  loaves 
on  drought  resistance  has  not  been  estimated. 

Tsitzln  (74),  in  19S6,  reported  hybrids  that  had  luxuriant 
root  systems;  later,  he  stated  that  they  had  an  uncomaon  degree 
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of  resistance  and  wore  tolerant  to  various  kinds  of  drought. 
Suneaon  and  Pope  (72)  state  that  part  of  the  drought  resis- 
tance of  £•  trlohophorum  hybrids  under  California  conditions 
Is  due  to  tho  fact  that  their  dormancy  porlod  coincides  with 
the  driest  season  of  tho  yoarj  this  dorraanoy  is  Inherited  and 
cannot  be  broken  even  with  irrigation  treatments.   In  1937, 
Tzltzln  (77),  citing  Udol'skoja's  work,  stated  that  drought 
resistance  Is  due  to  tho  fact  that  the  hybrids  lose  les3  water 
during  drought  periods,  partly  due  to  leaf  structure;  detached 
leaves  of  the  hybrids  lost  water  more  slowly  than  detached 
wheat  leaves.  In  addition,  they  appear  to  possess  an  unusual 
Vigor  of  assimilation  Immediately  following  the  drought  period} 
this  aided  In  their  rapid  recovery.  Tosts  Indicated  that  the 
osmotic  pressure  rose  higher  In  the  hybrids  than  In  wheat 
plants  during  the  drought  periods.  Artemovo.  and  Jakovleva  (12) 
reported  that  some  of  the  perennial  hybrids  still  yielded  9.6 
centers  per  hectare  In  a  dry  year  In  the  already  arid  regions 
of  Kaaahstan.  Cloln  (14),  In  1943,  reported  constant  hybrids 
hi;  Jily  resistant  to  drought. 

'  .;•■■■':  ■■  "  -:■■■  '■   Brva  "    f  p  rvalataoM  It  Ml  h*|  been 
one  of  tho  major  emphases  of  the  Russians J  and,  consequently, 
they  have  studied  It  mors  thoroughly.  Tsltsln  (77),  In  1937, 
reviewed  the  work  done  by  Bllnkova  and  Malakhov.  Bllnkova 
states  that  wintorhardlness  Is  related  to  the  temperature 
necessary  for  protein  coagulation  (proteins  of  tha  hardier 
varieties  requirinc  a  higher  temperature)  and  to  maintenance 
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of  a  high  sugar  content.  The  latter  Is  correlated  with  a  low 
respiration  rate.  ARropyron  eloiir.atu.Ti>  ono  of  the  hardiest 
species,  has  the  lowest  respiration  rate  of  tha  Ay.ro pyron 
species  studied.   Greater  amounts  of  sugars  aro  accumulated 
in  the  hardy  hybrids  during  autumn  hardening,  and  the  reduc- 
tion of  water  content  is  more  pronounced. 

A  marked  difference  in  oolor  between  y  unc  and  old  leaves 
was  noted J  this  permits  assimilation  to  oontinue  throughout 
the  day  -  in  the  weak  light  by  dark  leaves,  and  in  strong 
llcht  by  paler  leaves.  Some  hybrids  were  reported  to  reach 
a  sugar  content  of  21  per  cent  by  throe  o'clock  In  the  after- 
noon.  Plants  having  no  water-extract  protein  in  the  fall 
were  the  hardiest  of  all  and  needed  less  autumn  hardening;  it 
is  significant  that  JU  elonr.atum  has  none.   Phasic  develop- 
ment is,  thus,  closely  tied  up  with  protein  properties.   Pro- 
tein coagulation  temperatures  reported  for  /W  elonr.atum  were 
62-71  degrees  centigrade  J  for  Xutoscons  062  X  A.  r.lauoum  hy- 
brids, 72-75  degrees  centigrade ;  and  for  Lutesoens  0329,  57 
degrees  centigrade. 

Halakhov  roportod  that  the  dry  matter  content  in  stolons 
rose  consistently)  leaving  a  large  supply  of  nutrients  for 
winter  and  spring!  a  similar  rise  was  noted  for  starch  content, 
but  the  solublo  sugars  decreased  until  flowering  time. 

Acquirements  for  a  cold-resistant  plant  have  been  listed 
by  Tsitsin  (76)  as:  having  a  long  thermo  stage}  consuming  the 
least  food  during  the  winter;  capable  of  maximum  food  produc- 
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tlonj  and  having  the  maximum  amount  of  bound  water*  High  pro- 
tein content  was  also  Given  as  a  possible  factor  (76).  Sunoson 
and  Popo  (72)  also  noted  that  nitrogen  (a  component  of  protein) 
appears  to  be  a  limitlne  factor  In  winter  survival. 

Kovaleva  (30)  reported  that  the  hybrids  were  not  winter 
hardy  until  well  past  the  two  to  three  leaf  stage.   Johnson 
(22)  found  that  the  hybrids  were  about  equal  to  the  Aftropyron 
parent  In  winter  hardlnessj  A.  olongatum  hybrids  are  the  hardi- 
est, according  to  Artemova  (11). 

A  general  decrease  In  winter  survival  with  succeeding 
generations  was  reported  by  Armstrong  (8).  White  (89)  reported 
that  the  F.  of  wheat  X  A.  elonratum  had  tho  highest  winter  sur- 
vival) no  difference  was  reported  In  tho  use  of  spring  or 
winter  wheats,  but  the  tetraploiJ  wheats  gave  the  highest  sur- 
vival.  Survival  decreased  at  least  50  per  cent  with  each  ad- 
vance in  generation  (tinder  Canadian  conditions).  Ho  cites 
Teitsin's  results  of  73.2  per  cent  winter  survival  in  tho  Fg, 
30.7  per  cent  In  the  F-»  and  one  per  cent  in  the  F.«  Back- 
crossing  to  wheat  resulted  in  a  material  drop  In  survival! 
Armstrong's  results  are  cited  for  Fg  winter  survival  of  94.7 
to  97.2  per  cent  as  compered  to  the  second-generation  back- 
cross  survival  of  26.6  to  29.4  per  cent. 

Host  of  the  survival  values  reported  have  beon  from  areas 
of  extremely  cold  winters;  thus,  their  winter-hardiness  value 
for  the  more  temperate  winter  wheat  areas  cannot  be  ascertained. 

Veruschklno  (84)  has  emphasised  that  the  inheritance  of 
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resistance  to  cold  is  highly  complicated. 

Tolerance  of  .'-.alino  Soils.  Tolerance  of  the  hybrids  to 
soil  salinity  has  been  reported  by  Tzitzin  (74) ,  in  1936,  and 
again  by  Cicin  (14),  in  1943.  Skosyreva  (66),  in  1944,  re- 
ported sand  culture  results  indicating  that  grain  yield  of  the 
hybrids  was  still  normal  in  a  Hellriegel's  solution  containing 
0.25  per  cent  NaClj  in  a  one  per  cent  solution,  the  plant 
still  formed  some  grain.  The  control  plant,  Caesium  0111, 
produced  some  grain  in  the  first  instance  but  failed  to  live 
in  the  one  por  cent  solution.  With  KagSO^,  even  better  re- 
sults were  obtained.   Protein  content  was  higher  than  usual 
in  plants  grown  in  the  salt  solutions* 

Disease  and  Insect  Resistance.  Johnston  (23),  In  1940, 
reported  results  of  testing  15  of  the  more  common  Apropyron 
species  with  Puccini a  trltlolna  Eriks.,  loaf  rust  of  wheat, 
physiologic  races  5,  9,  15,  28,  and  37.   Of  the  15  species 
tested,  12  had  immune  or  near-imnune  reactions;  all  of  the 
commonly  used  AKropyron  species  in  Trltlcum-Agropyron  hybrid- 
ization were  In  the  highly  resistant  group.  Hybrids  of  T. 
vuli;aro  V.   A.  elon^atum  al3o  showed  near- immunity,  vhlte  (89) 
states  that  the  rust  resistance  of  £.  slaucum  is  lower  than 
that  of  A.  olonr.atua.  Under  tho  rust  conditions  of  1938  in 
Canada,  he  noted  no  leaf  or  stem  rust  on  P^,  Pg,  or  F3  hybrid 
material.  Tho  T.   of  Marquis  X  £.  elonr.atum  was  still  rust 
resistant,  indicating  that  the  resistance  factors  must  have 
come  from  Agropyron.  Resistance  appeared  to  be  highly  doml- 
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nant  and  due  to  several  factorn,  for  the  proportion  of  sus- 
ceptible segregates  was  small  even  In  large  populations*  He- 
slstance  of  £.  elonr.atum  to  rusts  was  also  noted  by  Tzitzin, 
Verusehklne,  and  Armstrong. 

Wheat  r   A.  elonratum  hybrids  tested  by  Roltz,  ot  al., 
(52)  wore  all  resistant  to  the  races  of  stem  rust  used)  many 
had  zero  readings  for  l3af  rust.  Mlndum  X  £.  trlchophorum 
hybrids  showed  the  highest  degree  of  resistance  to  both  leaf 
and  stem  rust.  Three  amphldlplolds  of  A.  r.lauoum  with  Vernal 
enmor,  T.  turgJLdumt  and  Kharkof ,  also  gave  a  consistently  high 
degree  of  leaf  and  stem  rust  resistance.   Patterson  (44), 
using  nine  races  of  loaf  rust  of  wheat  and  two  races  of  stem 
rust  of  wheat,  Pucclnla  gramlnls  trltlcl  Erlks.  and  Henn. , 
found  many  lines  of  wheat  X  A.  elongatmn  Immune  or  highly 
resistant  to  all  races  used.  Humphrey,  et  al.  (SI),  however, 
reported  A.  repens  resistant  but  many  of  Its  relatives  sus- 
ceptible to  stem  rust  of  wheat. 

Love  and  Suneson  (33),  and  Suneson  an.:  Pope  (72)  did  not 
find  the  Hlndum  X  A.  trlchophorum  segregates  a3  resistant  to 
stem  and  leaf  rust  as  had  been  reported  for  the  other  crosses; 
some  Immune  segregates  were  obtained,  however.   Verusehklne 
(82),  on  the  other  hand,  reports  the  most  rust  resistance  for 
T.  durum  crossed  with  h.   Intermedium  and  A.  trlchophorum. 

Resistance  to  yello*  rust  (presumably  stripe  rust  of 
wheat,  Pucclnla  /-lunarum  (Schm. )  ;  rlks.  and  Henn.,)  by  Apro- 
pyron  hybrids  was  reported  by  achneidermann  (59). 
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The  us*  of  these  hybrids  as  a  new  source  of  rust  re- 
sistance In  wheat  breeding  programs  Is  evident. 

Speokled  loaf  blotch  of  wheat,  Septorla  trltlol  Rob., 
la  a  more  detrimental  wheat  disease  than  most  observers  sus- 
peot  (70).  V,heat,  rye,  and  Kentucky  bluegrass  are  tie  only 
known  hosts,  according  to  veber  (87),  1922.  Sprague  (69),  In 
1934,  reported  a  physiologic  form  of  Septorla  trltlcl  on  oats, 
but  lator,  1944,  Indicated  It  was  probably  not.  Luthra,  at 
al.  (34),  reported  Trltleum  durum  Immune  to  the  disease. 
Sprague  could  get  no  Infection  on  rye.  He  also  cited  a  report 
by  C.  0.  Johnston,  who  in  1939  noted  that  Kawvale  and  most  of 
the  soft  red  winter  wheats  were  heavily  infeotedj  the  hard 
red  winter  wheats  showed  fewer  lesions. 

Weber  reported  Infection  of  10  to  100  per  oent  of  the 
wheat  seedlings  near  Madison,  Wisconsin,  in  1920.  Large  num- 
bers of  seedlings  were  killed}  usually  the  Infection  is  not 
that  sovero.  The  disease  affects  the  leaves  only,  killing 
them  and  thereby  reducing  the  photosynthetlc  power  of  the 
plant.  The  disease  Is  worst  during  open  and  wet  winters. 
Septorla  trltlcl  Rob.,  speckled  leaf  blotch  of  wheat,  did  not 
Infect  A.  crlstatum,  aocorcdng  to  Sprague  (70),  nor  A.  re pens, 
according  to  »ebor  (87).  Luthra,  et  al.  (34),  Indloatod  Its 
rising  lnportance  as  a  wheat  disease  in  India.  Speckled 
leaf  blotch  has  been  a  contributing  faotor  to  the  reduction 
of  wheat  acreage  in  Arkansas,  according  to  Rosen  (53). 

Fellows  (17)  has  not  found  physiologic  races  within 
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:.'.;.  ;.  ■:..  i.  '  '■'  ■-■ ' ;  be  report**  however •  that  j-M;;-  rf  Um 
disease  from  different  areas  differ  in  the  virulonoe  with 
whioh  they  attack  suaoeptible  plants.   There  is  no  evidence 
of  specialization  for  any  varietyt  however. 

Tsitsin  (76) »  in  1937,  reported  a  number  of  hybrids 
immune  to  bunt,  1'illetla  spp.,  under  conditions  which  gave 
high  infection  in  such  standard  varieties  as  Caesium  0111 
and  i.mturum  0521.  Many  hybrids  were  also  immuno  to  loose 
smut,  Uatllar.o  species.  Smut  resistance  has  also  been  re- 
ported by  Artemova  (11),  Armstrong  in  a  number  of  publica- 
tions, Veruschkine  (82),  Smith  (67),  and  by  achneidermann 
(59).  Novitskil  (40),  in  1941,  stated  that  the  hybrids  are 
more  resistant  to  Tlllotla  spp.  than  to  Uatllano  species* 
Patterson  (44)  reported  the  presence  of  bunt  in  wheat  X  A. 
elonr.atum  hybrids  from  natural  infection  under  field  condi- 
tions. 

Resistance  to  mildew,  presumably  powdery  mildew  Eryalphe 
pramlnla  trltlcl  El.  Karchal.,  has  been  noted  by  Reitz,  et  al. 
(52).  Smith  (67)  roports  that  resistance  has  been  obtained; 
mildew  resistance  is  also  mentioned  by  many  others. 

The  presence  of  ergot,  Clavloeps  spp.,  in  tho  hybrids  baa 
been  reported  by  White  (39),  Johnson  (28),  Armstrong  (0),  and 
Patterson  (44).   According  to  Johnson,  JW  r.laucum  is  suscep- 
tible to  ercot.  Ho  states  that  A.  elonr.atum  transmits  its 
ergot  resistance  to  future  generations.  White  does  not  agree 
with  tho  latter.  All  of  them  indicate,  however,  that  the 


37 


infection  with  errot  is  due  to  sterility  and  that  highly  fer- 
tile linos  will  be  relatively  free  from  the  disease. 

Novit8kii  (40)  also  reports  the  Agropyron  hybrids  more 
resistant  to  Kelsilnthoaporium  app»  and  Fusarlum  spp.  than 
vllturum  0321,  a  standard  wheat  variety. 

A  pseudo-rosette  diseaao  of  cereals,  "Zakukllvanie"  (a 
virus  mosaic  especially  of  oats),  attaoks  moat  wheats  in  the 
.   .  K.,  but  A.,  e Ion; -a turn  and  jV.  Klauoum  are  immune  to  it 
and  their  wheat  hybrids  highly  resistant,  according  to  Vovk 
(4). 

The  Agropyrons  do  not  appear  to  be  outstanding  !n  their 
resistance  to  Insect  attack.  Seamans  and  Tarstad  (60)  state 
that  A.  amlthll  is  very  susoeptible  to  the  wheat  stem  saw- 
fly,  Cophus  olnctus  Sort.,  and  spreads  it  to  wheat  fields. 
Jones  (26)  found  the  Apxopyron  3peoloa  generally  suscoptible 
to  tho  Hessian  fly,  Phytophaga  destructor  Say.,  in  terms  of 
the  number  of  puparia  per  plant,  but  a  decree  of  tolerance 
exists.  Patterson  (44)  found  slight  evidence  of  resistance  in 
the  Agropyron  hybrids  under  a  condition  of  light  lnfostation. 

Variation  for  aphid  resistance  by  tho  hybrids  under 
greonhouae  conditions  was  noted  by  Halts,  et  al.  (52). 

Agronomic  Characters:  Yield,  l'lour  Qualltlos,  Kernel 
Charaotera,  Heading  Oato,  .-.l  tending  Ability.   Tho  popularly- 
reported  extremely-high  yields  of  tho  ?rltloum-Agropyron  hy- 
brids in  Russia  appear  to  have  been  somewhat  exaggerated. 
Strohm  (71),  in  1946,  reported  in  tho  Kansas  Farmer  that  partly 
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peronnlal  hybrids  had  yielded  up  to  81  buohela  per  acre  on 
the  collective  farms.   In  1944,  Artemova  and  Jakovlova  (12) 
reported  that  perennial  whaat-Apiropyron  hybrids  in  arid 
Kazahstan  yielded  32.2  centners  por  hectare  in  1941  and  9.6 
centners  in  1942,  a  vory  dry  year.  T  e  measure  of  tie  centner 
is  not  given]  the  hectare  is  equal  to  approximately  2.47  acros. 
The  commonly  used  turopean  centnor  is  a  "hundredweight" 
averaging  110.23  pounds.  A  metric  centnor  is  equal  to  an 
average  of  220.46  pounds.   Therefore  the  32.2  contner  yield 
would  at  least  be  23.95  bushels  por  acre,  and  at  tho  most 
47.9  bushels  por  aero.  The  yield  in  the  dry  year  would  be 
7.14  bushels  por  acre  if  the  first  measure  is  used,  or  double 
that,  14.28  bushels,  if  the  metric  centner  wa3  employed. 
Cicln  (14),  in  1943,  reported  that  constant,  non-segregating 
Tritioum-ARropyron  hybrids  produced  four  grain  crops  totaling 
55.2  centners  por  hectare  in  two  years.   Converted  to  bushels 
per  acre,  this  would  be  41.1  bushels  or  82.2  bushels,  depend- 
ing on  which  measure  is  meant.  This  is,  of  course,  for  two 
crop  years.  Hybrids  sown  in  the  fall  of  1939  produced  a  grain 
crop,  in  1940,  of  18.2  centners  per  hectare  and  a  hay  crop  of 
13  centners;  this  yield  oould  not  have  been  more  than  that  27 
bushels  per  aero,  using  tho  larger  measure.   The  hay  yield 
would  not  have  been  much  moro  than  one-half  ton  per  acre.- 
Such  yields  are  well  within  the  range  of  experimental  yields 
of  regular  wheat  varieties  in  this  oountry.   Reports  that  In 
the  U.  S.  :J.  R»  the  hybrids  do  outyield  the  regular  wheat 
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varieties  by  as  much  as  50  per  cent  have  been  cited  by  some 
reviewing  authors. 

Suneson  and  Pope  (72)  report  that  the  hybrids  they 
studied  never  yielded  mora  than  60  per  cent  of  the  bread 
wheat  checks  In  any  one  harvest  year. 

Selesnev  and  TomasevlS  (62)  have  called  attention  to  the 
double  utility  of  tha  hybrids  in  producing  one  crop  of  grain 
and  two  crops  of  hay  in  one  year.  Artomova  (11)  has  indicated 
the  potential  yield  by  reporting  one  F,  J.  vulpare  1   A.  olon- 
Katum  plant  that  bore  150  heads  which  produced  a  total  of  665 
grains. 

An  outstanding  characteristic  of  the  Agropyron  hybrids 
is  the  high  protein  content  of  the  grain.  This  has  been 
noted  especially  by  the  Russian  workers.  Armstrong  and 
otevenson  (10)  report  the  following  percentages  for  protein 
in  the  grain:  C.  A.  N.  1335  7.  h.   elongatum  hybrid,  25.0: 
Lutoscens  X   A_.  elory;atuni  hybrid,  27.1}  Marquis,  13. 4|  averuge 
spring  wheat,  16.0;  and  12.5  for  the  average  winter  wheat. 
They  also  report  the  grain  of  tha  hybrids  higher  in  minerals, 
calcium,  potassium,  and  phosphorus,  tut  lower  in  carbohydrates 
and  nltrogen-freo  extract.  The  grain  was  not  equal  to  wheat 
for  milling  purposes  but  had  a  high  nutritive  value  as  a  feed 
grain. 

Sunoson  an  Pope  (72)  reported  that  the  flour  protein 
percentage  was  higher  in  the  hybrid  material  than  in  bread 
wheats}  a  hij-her  part  por  million  carotenold  oontont  was  also 
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found. 

Tzitzin  (75)  states  that  tho  Arropyron  protein  character- 
istics are  transmitted  to  the  hybrids.   In  fact,  the  hybrids 
often  oxoeed  the  Agropyron  parents  in  this  respect.  A  protein 
content  of  21  per  oent  has  been  reported  by  Veruschkine  (84) 
in  some  of  the  hybrids. 

The  mo3t  extensive  milling  and  flour  tests  have  been  con- 
ducted by  Shlbaev  (64).   He  states  that,  while  the  Ap.ropyron 
apeoles  vary  a  good  deal,  tho  average  Af.ropyron  grain  exceeds 
wheat  1:  protein  oontent  by  5  to  9.5  per  cent.  Therefore, 
Trltlou-Ti-Arropyron  hybridization  can  be  used  to  Increase  pro- 
tein content  of  wheat.  Gluten,  ho  states,  la  tho  principal 
factor  indicating  bread  qunlity  and  adds  that  a  good  bread  of 
large  loaf  volume  and  good  texture  can  only  be  obtained  when 
sufficient  gluten  is  present.  The  Agropyron  species  al30 
vary  anion  for  gluten  content;  some  of  the  lower  chromosome 
forms,  such  as  /u  crlstatum,  seem  to  have  none.  He  also  notes 
that  Aesllopa  squaroaaa  has  a  gluten  value  of  84.0,  and  Ao. 
variabilis,  90.07.   Ar.rnpyron  e_lpn£atun,  ho  found  to  have  a 
wet  gluten  value  of  69.8  and  a  dry  value  of  25. Oj  A.  inter- 
medium had  a  wot  value  of  52.5  and  a  dry  value  of  18.0.  A 
Trltloum-Aflropyron  hybrid,  intermediate  type,  gave  wet  and 
dry  ,-luton  vnlues  of  59.2  and   20.8  respectively.  This  compares 
with  the  wet  and  dry  gluten  values  of  50.0  and  17.5  for  the 
standard  wheat  variety,  Lutoscons  052. 

Verusohkino  (84)  states  that  thn  broad  of  tho  hybrld3  is 
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of  batter  quality  than  that  of  the  standard  Russian  wheats. 
Tzltzln  (76)  reports  that  several  produoed  loaf  volumes  ex- 
ceeding Caesium  0111  by  17.5  per  eent  and  Lute3cens  062 
by  24  per  cent.   Porosity  was  excellent  and  surpassed  stand- 
ard wheats.   :;uneson  and  Pope  (72)  also  found  a  T.  vulgare  X 
A.  elonr.aturo  hybrid  that  had  a  loaf  volume  of  640  cubic  eenti- 
moters  as  compared  to  a  loaf  volume  for  Daart  of  515  cubic 
centimeters.   Shibaev  baked  bread  of  A,.  Intermedium  grain 
and  found  it  inferior  to  wheat  bread  but  distinctly  better 
than  rye  bread  in  loaf  volume,  porosity,  and  color,   r.amsonov 
(54)  who  also  reported  that  some  of  the  Agropyron  3pocios  had 
one  and  one-half  times  as  muoh  gluten  as  wheats  (Caesium  0111), 
found  the  flour  of  Agropyron  hybrids  to  have  e  .cellsnt  gluten 
quality  resulting  in  a  normal  quality  loaf.  He,  thorefore, 
suggests  that  biochemical  teats  of  the  hybrid  grain  be  mad* 
before  selecting  on  tho  basis  of  other  characters. 

Armstrong  (7)  noted  a  peculiar  relationship  between  the 
different  crosses  and  kernel  weight.   Tetraplold  wheats  X  A. 
glaucum  e»ve  hernel  weights  one-half  that  of  the  kernel 
weight  of  the  wheat  parent;  tho  same  wheats  in  crosses  with 
£.  elonp.atum  gave  kernels  weighing  only  one-third  of  the  ker- 
nel woight  of  the  wheat  parent.   In  crosses  of  hexaplold 
wheat  with  the  two  Agropyron  species,  the  opposite  hold  true. 
He  (8)  also  found  that  in  the  earlier  generations  there  was  a 
significant  correlation  (r  =  0.718  with  8  degrees  of  freedom) 
betwoon  kernel  plumpness  and  germinabllity.   uunoson  and  Pope 
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(72)  state  that  the  1000  kernel  weight  and  test  welrht  of  the 

<  ds  are  considerably  less  than  that  of  the  bread  wheats. 
Germination  variability  has  also  boon  reported  by  Smith  (6^) 
and  othors. 

A  variety  of  kernel  colors  have  been  reported  for  the 
aJTl  rids.   In  T.  poraloum  X  A,,  trlohophorum  crosses*  .'junoson 
and  Pope  (72)  obtained  redt  white,  and  blue  kernels.  Trltlcum 
durum  >'  A,  trlohophorum  produced  kernals  with  red,  light  rod, 
and  blue  colors;  T.  vulf.ars  J  £.  trlohophorum  gave  gray,  red, 
blue,  and  white  kerr.el3.  Hed,  blue,  and  gray  kernels  were 
obtained  by  Love  and  Suneson  (33)  from  lilndum  X  A.  trlohophor- 
um hybrids. 

Only  a  few  definite  references  regarding  heading  time 
were  noted.  The  hybrids  reported  by  Tzitzin  (74),  in  1936, 
ripened  long  before  ordinary  wheat  and  were  reported  well 
adapted  to  a  short  growing  season.  On  the  other  hand* 
Schneldermann  (59)  states  that  the  perennial  hybrids  he  was 
working  with  were  later  than  wheat.   In  wheat  X  A.  elonp;atum 
hybrids,  Patterson  (44)  found  types  earlier  than  Pawnee 
wheat,  'out  most  typos  were  later,   rsinoe  the  Aj'.ropyron  species 
generally  head  later  than  wheat,  earllness  would  be  an  ex- 
ceptional quality  in  the  hybrids. 

Lapchenko  (31)  is  one  of  tho  few  actually  reporting 
hybrids  resistant  to  lodging.   Smith  (67)  reports  that  sua- 
coptlbillty  to  shattering  and  lodging  has  been  reduced. 
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MATERIALS  A1:  I  METHODS 


Materials 


The  Trltlcum-Aj-ropyron  material  studied  consisted  largely 
of  Arropyron  olonftatma  X  wheat  hybrids  from  ¥.'•  J.  Sando's 
crosses •   Some  of  ths  material  was  obtained  directly  from  him; 
other  stocks  had  boon  grown  at  some  of  the  state  experimental 
stations*  The  largest  group  Is  progeny  of  the  most  wheat- 
like  and  stem  rust  resistant  wheat  X  A.  elonratum  hybrids  se- 
lected by  D.  C.  Smith.  A  group  of  unidentified  material,  re- 
ported to  be  fro:-,  sando's  hybrids,  was  rocelved  from  R.  H.  Bam- 
berg and  Ralph  M.  V.llllams  of  the  Koccasin,  Montana,  station* 
A  number  of  D.  C.  Smith's  crosses,  Agropyron  parent  not  iden- 
tified, woro  obtained  from  A,  G.  Law,  Pullman,  v.ashlngton.  The 
A.  trlohophorum  X  wheat  hybrids,  also  from  Sando's  crossos, 
were  procured  from  C.  A.  Suneson  of  ths  Davis,  California,  sta- 
tion. The  wheat  X  A.   laucun  hybrids,  particularly  the  amphl- 
dlplolds,  come  from  T.  M.  Stevenson,  Division  of  Forage  Plants, 
Central  Experiment  Farm,  Ottawa,  Ontario,  Cunada.  In  addi- 
tion, seeds  of  three  of  the  most  promising  Canadian  hybrids, 
(Chinese  X  ^.  elonr.atum)  X  Chinese  F7,  were  rocolved  in  1947. 

ussian  hybrid,  Trltlcum  dlcoccun  farrurn  X  A.  nlaucua,  P. 
I.  Ho.  121795,  K.S.C,  serial  number  45  TXA  70,  obtained  by   . 
R.  sears  from  the  Siberian  Agricultural  Institute,  Omsk,  U. 
S.  R.,  was  tested. 
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The  two  unidentified  groups  probably  have  A.  elonratum. 
_A.  trlchophorun,  and  A,,  lntormodlum  as  the  Apyopyron  parents* 
None  of  the  losser  used  Agropyron  3peolea  Is  believed  to  be 
present  In  tho  material  tested.  The  wheat  parent  la  also  not 
specifically  Identified  in  most  lnstanoes.   As  a  very  high  rate 
of  natural  crossing  in  the  field  seams  to  occur  in  the  hybrid 
material*  exact  parentage  lu  often  net  known. 

Most  of  the  A.  elonratum  X  wheat  hybrid  material  has  boon 
handled  as  bulks.  Most  of  the  Mlndum  X  A.  trichophorum  materi- 
al has  becm  back-crossed  to  wheat  and  plant-seloctod  by  C.  o. 
Johnston  of  the  Kansas  station.  The  1947-48  nursery  also  con- 
tained a  large  number  of  rust-resistant  plant  selections  mad* 
by  Fred  Patterson  from  the  Trltlcum  X  A.  elonratum  hybrids, 
1946  row  numbers  4664-4803.  When  sufficient  seed  was  avail- 
able, the  bulks  were  planted  in  eight-foot  rows,  three-foot 
rows  were  used  for  the  smaller  bulks  and  plant  selection*. 
All  of  tho  material,  with  tho  exception  of  the  backcrosaes, 
are  well-advanced  generations. 

Rust  Experiments 

A  group  of  101  strains  not  previously  ohecked  for  seed- 
ling reaction  to  leaf  rust  of  wheat,  Pucoinla  rubl;r,o-vera 
trltici  (Erllca.)  Carleton,  were  tested  with  physiologic  races 
9,  15,  and  126,  three  of  tho  most  prevalent  raoes  in  tho  winter 
wheat  area,  and  race  11,  prevalent  in  the  wheat  fields  of  the 
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Pacific  Coast.   Inoculation  wa3  ace  mplished  by  shaking 
urediospores  from  ausoeptiblo  varieties  onto  the  10  to  14-day 
old  seedlings.   Choyenno,  C.I.  0085,  a  susceptible  whoat  vari- 
ety, was  used  to  increase  the  inoculum.  The  inoculu  ,  obtained 
from  C.  0.  Johnston,  had  boon  checked  for  purity  by  the  use  of 
differential  varieties.   The  seedlings  were  moistened  with  a 
water  spray  before  inoculation,  anJ  then  left  in  a  canvas  moist 
chamber  for  84  hours  after  lnooulation.  Five  wheat  checks 
with  knovm  reactions  were  included  in  eaoh  test.  Readings  wore 
made  about  10  days  after  inoculation. 

The  thre-i  Canadian  lines  of  (Chinese  X  A.  olonr;atum)  y. 
Chlness  F7  were  Inoculated  by  the  hypodermic  needle  method  with 
physiologic  races  9,  11,  15,  44,  and  126  of  leaf  rust;  physio- 
logic races,  17  and  56,  two  of  the  moat  prevalent  raoes  of  stem 
rust  of  wheat,  Pucolnlo  rcramlnla  trltici  Erlk3.  and  Henn.,  were 
also  used. 

The  classification  described  by  Mains  and  Jackson  (35)  was 
used  to  determine  the  resistance  or  susceptibility  of  the  hy- 
brids* 

The  1947  leaf  rust  readings  in  the  nursery  are  based  on 
natural  infection.  Stem  rust  readings  were  not  obtained.   In 
1948,  due  to  unusual  weather  conditions,  leaf  rust  readings 
were  not  obtained  even  though  the  susceptible  spreader  row  was 
inoculated  with  a  composite  of  leaf  rust  races.  Moderate  stem 
rust  infection  was  obtained  from  natural  Inoculum.   In  addi- 
tion, the  spreader  row  was  dusted  with  talo  powder  carrying 
the  urediospores.  This  was  applied  late  one  evenlnr  to  take 
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advantage  of  the  higher  humidity  and  moisture  condensation. 
Septorla  &  perlment 

Thirty-seven  of  the  more  loaf  rust  resistant  strains 
were  tested  In  the  greenhouse  for  resistance  to  speckled  leaf 
blotch  of  whoet.  Septorla  trltlcl  Rob.   Isolate  number  26,  one 
of  tho  most  virulent  foras  reported  b  Fellows  (17)  waa  used 
in  tho  tests.  The  Inoculum  was  Increased  on  potato-dextrose 
agar.  Conidlospores  from  tho  artificial  culture  were  suspended 
In  tap  water;  thl3  was  3prayed  onto  the  dampened  plants  at 
four  different  times  during  the  first  24  hours  of  the  72  hours 
that  the  plants  were  in  the  canvas  moist  chamber. 

In  order  to  assure  more  reliable  results,  three  plantings 
of  four  plants  to  a  pot  were  U3ed.   Location  of  the  pots  In 
the  moist  chamber  during  spraying  was  at  random. 

In  order  to  check  the  effectiveness  of  the  spray  method, 
the  first  series  was  also  inoculated  by  the  hypodermic  needle 
method. 

Readings  for  resistance  or  susceptibility  were  based  on 
the  percentage  of  leaves  Infected,  the  number  of  lesions  per 
leaf,  the  slse  of  the  lesions,  and  the  location  of  to  lesions 
on  the  leaf  (on  susceptible  varieties  the  lesions  appear  lower 
on  tho  blade).  Y.'ostar,  C.  I.  12110,  was  used  as  the  suscep- 
tible check,  Nabob,  C.  I.  8869,  the  resistant  check.   The  read- 
ings of  the  hybrids  were  then  detormlned  by  comparison  with 
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the  checks. 

After  the  completion  of  the  Septoria  experiment,  the 
three  replications  were  used  to  study  the  tolerance  of  these 
strains  to  salt  solutions*  Replication  I  was  used  as  the  un- 
treated check.  To  eaoh  pot  of  tho  third  replication  was  added 
one  gram  of  certified  pure  sodium  chloride  (NaCl)  on  12/12/40. 
One  gram  of  certified  pure  anhydrous  sodium  sulfate  (NagSO^) 
was  added  to  each  pot  of  the  second  replication  on  tho  same 
date.   Later,  on  12/16/40,  an  additional  five  grams  of  NaCl 
was  added  to  each  pot  of  the  third  sat  and  an  additional  five 
grams  of  NagSC4  to  each  pot  of  the  second  set.  Readings  for 
salt  tolerance,  based  on  plant  appearance,  were  made  on 
12/28/4Q. 

Determination  of  Agronomic  Characters 

Winter  survival  percentages  in  1947  were  based  on  an  es- 
timate of  tho  number  of  dead  plants  par  row  noticed  on  April 
11,  1947.  The  1948  winter  survival  values  on  the  el£ht-foot 
rows  were  based  on  the  count  of  the  dead  plants  and  on  a  com- 
parison of  the  hybrid  row3  with  the  check  rows  made  on  April 
17,  1948.  Survival  percentages  of  tho  three-foot  rows  were 
computed  from  actual  plant  counts  in  Novembor,  1947,  and  again 
in  April,  1948. 

The  threshing  percentages  given  are  based  on  the  amount 
of  grain  obtained  from  tho  flr3t  nursery  threonine  in  oomparl- 


48 


son  with  the  total  amount  recorded;  the  total  amount  la  composed 
of  the  first  threshing  amount  plus  tho  quantity  obtained  when 
the  tailings  were  run  through  a  small  head  thresher  a  second 
timet   Percentage  olean  threshing  is  a  visual  estimate  only. 
Tost  weights  for  the  grain  of  the  eight-foot  rows  were 
estimated  by  a  method  similar  to  the  one  first  described  by 
Aamodt  and  Tonio  (1);  a  27  c.c.  measure  with  a  conversion 
factor  of  3  was  used,  yields  per  acre  for  the  eight-foot  rows 
were  computed  by  multiplying  the  gram  weights  with  a  conver- 
sion fuotor»  0.2. 

EXPERIMENTAL  RESULTS 

Disease  Reactions 

Leaf  r-ust  Test3  in  tho  Oreenhouse.  The  results  of  the 
101  wheat  X  Apropyron  lines  tested  for  seedling  reaction  are 
given  in  Table  1.  The  1947  field  loaf  rust  readings  and  the 
194G  field  readings  for  stem  rust  were  added  to  Indicate  the 
performance  of  the  hybrids  under  field  conditions. 

Eleven  lines  had  near- Immunity  (0-1  infection  type)  read- 
ings for  all  four  of  the  physiologic  races  of  leaf  rust  used. 
Of  these  11  lines »  8  appear  to  bo  ARropyron  elonnatum  X  wheat 
hybrids.  An  additional  11  lines  were  resistant  to  the  same 
four  races;  some  of  these  were  nearly  Immune  to  two  or  three 
races  and  resistant  to  tho  others.  Of  this  group  of  11  re- 
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sistant  lines,  8  again  wore  A.  elonr.atura  X  wheat  hybrids. 
Twonty-one  segregating  lines  had  predominantly  near-lamunlty 
leadings  for  all  of  ths  four  races.  In  the  susceptible  .group, 
10  lines  were  completely  susceptible  to  the  four  races  used* 
while  9  wero  predominantly  suoooptibla.  Tho  Russian  hybrid, 
Trltlcum  .Ucoocua  farrua  X  /W  rlaucuia,  was  susoeptlble.  The 
remaining  lines  showed  various  reactions  to  the  four  races 
used. 

The  X-type  readings  are  of  some  Interest.  Johnston  and 
Mains  (25)  report  that  the  X-type  reading  is  common  when  hi  - 
ly  resistant  varieties  and  susceptible  wheat  varieties  are 
crossed.  The  X-type  reading  indicates  that  resistant  and 
susceptible  reactions  are  present  within  the  same  loaf  or 
plant.  This  indeterminate  type  of  resistance  may  lead  to  r-.a- 
ture  plant  resistance,  according  to  Johnston  and  Xelohers  (24). 
This  may  explain  why  some  of  tho  lines  gave  susceptible  read- 
ings In  tho  seedling  stage  yet  appeared  to  be  resistant  as  na- 
ture plants  in  the  field. 

Two  of  the  highly  resistant  lines  (in  the  seedlu.,;:  cta^e) 
gave  susceptible  readings  in  the  field)  this  might  have  been 
due  to  the  presenoe  in  the  nursery  of  a  different  race  to 
which  these  lines  wero  particularly  susceptible.  Both  of  the 
lines  were  also  1946  wheat-like  selections  from  bulk3  that  In 
1947  gave  susceptible  readings.  These  selections,  then,  rep- 
resented rust-res Istar.t  plants,  since  lines  resistant  in  the 
seedling  stage  remain  resistant  to  the  sane  races  in  tho  mature 
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*  X  =  Indeterminate  type. 

3  ■  Susceptible  3  to  4  infection  type. 

MR  =  Moderate  resistance  1+  to  2+  infection  type. 

R  ■  Sear  Immunity  0  to  1  infection  type. 

In  -ogregatlng  lines,  capitals  indloate  predominant  group. 

**  1947  field  roadings  for  leaf  rust  for  pots  B  to  28  are  on  the 
bulbs  from  which  the  1946  wheat-like  selections  were  made. 
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plant  stage  (24). 

A  number  of  the  lines  highly  resistant  to  leaf  rust  were 
susoeptlbla  to  stem  rust  In  the  field.  This  Indicates  the  dif- 
ficulty of  combining  the  factors  for  resistance  in  one  line. 
Nevertheless,  the  high  degree  of  resistance  evidenced  In  the 
tests  lndioates  the  opportunity  of  selecting  plants  resistant 
to  many  raoes  of  both  leaf  and  stem  rust. 

Three  Canadian  hybrids*  (Chinese  X  £•  elpngatum)  X  Chinese 
F„t  received  In  1947  were  only  moderately  resistant  to  loaf 
rustt  physiologic  races  V,   11»  and  156,  and  susceptible  to 
raoes  15  and  44.  They  wero,  however,  highly  resistant  to  stem 
rust,  physiologic  races  17  and  56. 

Meactlon  of  tha  Hybrids  to  Leaf  Ru3t  In  the  Field.  A  sum- 
mary of  the  leaf  rust  readings  obtained  under  field  conditions 
in  1947  Is  presented  In  Table  2.  The  many  susceptible  readings 
for  the  wheat  checks  (Fart  C)  indicates  that  ample  inoculum  was 
present  to  give  differential  results  in  tho  hybrid  material. 
Because  they  are  very  late  season  readings,  the  accuracy  of 
the  readings  is  somewhat  questionable.  The  material  is  large- 
ly wheat  X  A.  elongatum  progeny. 
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Cheyenne , C • I . 8885 

0 

1    5 

0 

6 

Total 

2 

8   18 

1 

29 

Species 


Part  D.  Grass  check  rows 


Ap-.ropyron  smith!  1 

1 

0 

0 

0 

1 

AKropyron  elonratum 

3 

0 

0 

0 

3 

"rronyron  lntormedlum 

2 

0 

0 

0 

2 

AKropyron  trlchophorum 

1 

0 

0 

1 

2 

AKropyron  rlauciiin 

1 

0 

0 

0 

1 

r.ecale  montanum 

1 

0 

0 

0 

1 

Total 

1 

0 

0 

1 

10 
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The  usual  high  rata  of  leaf  rust  resistance)  Is*  again* 
evident  In  the  hybrid  material.  The  hybrid  material  was  di- 
vided into  annual  and  more-or-less  perennial  types.  The  per- 
centage of  resistant  lines  is  much  the  same  in  both  groups. 
It  Is  interesting  to  note  that  the  large  groups  are  either  in 
the  resistant  or  susceptible  classes)  segregation  is  not  too 
evident  under  field  conditions.  The  lines  giving  an  X  re- 
action in  the  seedling  stage  probably  are  in  the  resistant 
group  due  to  maturo  plant  resistance. 

In  Part  B  of  Table  2,  another  group,  Kindum  7   jl.  trlchoph- 
orum.  backorossed  to  wheat,  does  not  show  as  high  a  rate  of 
resistance  as  the  £.  elonr,atum  X  wheat  hybrids.  Because  of  the 
small  numbers  involved  and  selection  that  has  taken  placo,  not 
too  much  weight  con  be  placed  on  these  figures. 

ocale  montanum  ard  all  of  tho  Agropyron  checks,  except 
one  A»  trlchophorum  strain  from  Horth  Platte,  Nebraska,  were 
highly  resistant. 

Inaction,  of  the  Hybrids  to  Stem  Rust  In  tho  Field.  Suf- 
ficient leaf  rust  was  not  present  in  the  field  in  1948  to  give 
differential  reactions.  Ample  stair,  rust  was  present  as  evi- 
denced by  the  moderate  infection  on  Pawnee,  C.  I*  11669,  Med- 
Hor>e  X  Pawnee,  C.  I.  12141 ,   and  Kawvale-Marquillo  X  Kawvalo- 
Tonmarq,  C.  I.  12128.   The  results  of  the  stem  rust  reactions 
of  the  eight-foot  rows  is  given  in  Table  3. 
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Table  3.  Class  frequency  of  stem  rust  reactions  of  wheat 
X  Agropyron  hybrids.  1949  nursery. 

Part  A.  The  eight-foot  rows 

:   'Jumbor  of  lines  In  each  cla3a  ~ 


Hybrid  material     :    tEoT. 
:i.e.<i.:ros»  tsusc.  :    r  ■■  atinfr:  Total 


Wheat  X   A.  olont'.atum  60  11    1  13  85 

Wheat  X  jf.  trichophorum  3  10  3 

'Wheat  X  A.  fllaucum  S  0    0  1  3 

Wheat.  .  /r.ro-pyron;  6  2    0  23  31 

parent  not  specified 

Total  71  14    1  40  126 


Part  B.  T.heat  check  rows 
Varieties 


Med-Hope  X  Pawnee,         5    0    0        0  5 

C. 1.12141 
Kawvale-:.'.arqulllo  X       2    3    0       0         5 

Kawvalo-Tenmarq, 

C.I. 12128 
Pawnee,  C. 1.11669  4    10        0 

Total  11    4    0        0         15 


The  wheat  X  AKropyron  olonftatum  group  Is  from  the  progeny 
of  the  wheat-like  and  stem  rust  resistant  plants  selected  by 
D.  C.  Smith  In  1942.  Selection  for  stem  rust  resistance  has 
beon  effective,  for  60  out  of  85  linos  were  hlchly  resistant) 
an  additional  11  lines  wero  moderately  resistant. 

The  stem  rust  reaction  of  590  hybrid  lines  Is  given  in 
Table  4.   In  this  group  are  281  lines  selected  by  Fred  Patter- 
son from  the  largo  wheat  X  A_.  olonp:atum  group  montioned  above 
fci>  Loth  leaf  and  stem  rust  resistance  on  the  basis  of  seedling 
reaction. 
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Table  4.  Class  frequency  of  stem  rust  reaction  of 

wheat  X 

A.;ropyron  hybrids,  1940  nursery. 

Part  A.  Hybrid  material  In  three-foot  rows 

:   Number  of 

oa  in  oaca 

olaas 

Hybrid  material     :    tteXl : 

: 

: 

:Roa. !ros. :3usc. 

:3or,ror.atlnn    ;al 

Wheat  1  A.  olonp.atum      68    7    29 

25 

129 

Wheat  X  X.  eloxv.atum     217   42    15 

7 

281 

stem  rust  res.  sel. 

Wheat  X  A.  elonf-.atum      11    5    18 

3 

37 

1946  wheat-like 

selections 

(Chinese  X  A.  elongatum)   3    0     0 

0 

3 

X  Chinese  V„;   Canadian 
hybrids 

Wheat  X  A.,  rlaucum        10     0 

0 

1 

amphi diploid 

Wheat  X  Ap;ropyron         4    0     3 

0 

7 

miscellaneous 

„ 

Mlndum  X  A.  triohophorum  61   32    28 

11 

132 

Total                  365   86    93 

46 

590 

Part  B.  Wheat  check 

rows 

Varieties 

: 

0 

12 

Med-Hope  X  Pawnee,        9    2     1 

C.I. 12141 

Kawvale-Marqulllo  X       4    8     0 

0 

12 

Kawvale-Tenmarq , 

C. 1.12128 

Pawnee*  C. 1.11669          5    6     0 

0 

11 

Total                   18   16     1 

0 

35 

Apparently  the  wheat  >:  A.  elonp.atum  material 

was  not  very 

homoeygous  for  stem  ru3t  reaction,  for  segregating 

and  sus- 

ceptlble  lines  were  found.  Again,  however,  the  ma 

jorlty  were 

- 

resistant  and  showed  little  evidence  of 

infection. 

The  Mlndum 

" 

X  A.  triohophorum  hybrids  are  evidently 

not  so  res 

istant  as 
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the  A.  elonr.atum  since  only  61  out  of  132  lines  were  resistant* 
It  has  appeared  that  stem  rust  resistance  has  often  been  lost 
when  the  hybrids  were  baekorossed  to  wheat.  The  stem  rust 
data  concerning  the  Kindun  X  .A.  trlchophorum  hybrids  presented 
in  Table  5  are  of  Interest  in  this  respoct. 

Table  5.   Class  frequency  of  stem  ru3t  reactions  of  Mlndum 


1 

. 

o:'  lino 3 

In  oack 

class 

Hybrid  material 

"!.!od:. 

:     : 

: 

!Kos. 

'.•;.:. 

:  '  so.  IS 

r  -. 

np.:  Total 

Mlndum  X  /  •  trichcphorura. 

59 

14 

7 

2 

62 

backorossed'  to  wheat  once 

Mlndum  X  A.  trlchophorum, 

J 

18 

21 

9 

69 

bnokcro33ed'  to  wJierit" 

twice 

i 

Mlndum  X  A»  triohophorum, 
backcroased  three  times 

1 

0 

0 

0 

1 

to  wheat 

Total 

61 

32 

28 

11 

132 

While  the  rust  roaotion  of  the  wheat  used  as  the  baokcross 
also  has  a  decided  influence  on  tho  progeny,  it  i3  evident  that 
fewer  of  tho  second  backcross  progeny  have  retainod  tho  high 
resistance  of  the  orlflnal  hybrids. 

Roactlon  of  the  Hybrids  to  Speckled  Loaf  Blotch  of  heat . 
Susceptible  wheat  varieties  in  1948  showed  very  high  field  In- 
fection with  speckled  leaf  blotoh  of  wheat.  Tho  Trltlcum- 
Agropyron  matorial.  in  ;oneral,  appeared  to  have  a  low  rate 
of  infection.   Therefore,  34  of  the  lints  showing  tho  w.st 
loaf  rust  resistance  in  tho  seedling  stage  and  the  three 
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Canadian  hybrids  racoived  In  1947  were  tested  in  the  greenhouse 
for  resistance  to  speokled  leaf  blotch  of  wheat»  Soptorla 
trltici,  Rob.  Results  of  both  the  spray  and  needle  inocula- 
tions are  shown  la  Table  6. 

Of  the  37  lines  tested,  17  were  highly  resistant  when 
subjected  to  the  standard  spray  inoculation  method.  The  high- 
ly resistant  croup  either  had  no  lesions  or  the  lesions  ware 
indistinct  and  restricted  for  the  most  part  to  the  leaf  tips. 
An  additional  sight  lines  were  quite  resistant  but  segregat- 
ing In  the  degree  of  resistance  expressed.  Three  lines  were 
moderately  rosistant  while  nine  lines  were  nearly  as  ausoep- 
tlblo  as  .  estar,  C.  I.  12110,  the  susceptible  wheat  check. 

Inoculation  by  the  needle  method  produced  similar  results 
for  mo3t  of  the  lines  tested.  The  degree  of  resistance  was 
not  quite  as  high,  however,  when  this  method  was  employed. 
Damage  to  tissue  from  the  needle  punctures  also  may  be  a  factor 
in  allowing  the  organism  to  establish  Itself.   Line3  showing 
moderate  resistance  under  the  3pray  method  gave  susceptible 
readings  in  the  needle  inoculation  test.   Lines  highly  re- 
sistant under  the  first  method  were  still  classified  as  re- 
sistant when  the  latter  method  was  used.   Only  five  lines 
continued  to  give  highly  resistant  reactions. 

It  would  seam  that  the  needle  method  is  the  more  effec- 
tive in  locating  the  highly  resistant  lines.   The  two  types  of 
susceptibility  noted  by  .  eber  (87),  necrotic  lesions  and 
"green  islands" »  were  observed. 


62 

Table  6. 

Reactions  of  the  hybrids  to  speckled  leaf  blotch 

, 

c 

f  wheat.* 

Pot 

:KSC 

3orI 

al  Vo  |Koaiiln£  by  spray  ',   Reading  by  needle 

. 

no. 

: 

".     inoculation    J   inoculation 

V.heat  X  A.  elon^atum  hybrids  by  v..  J.  Snndo; 

1946  wheat-like  selections 

11 

472 

.1-1 

W.                                       S 

12 

4731-3 

S                3 

14 

47E 

.9-2 

R                H 

15 

4777-1 

HR               B 

16 

4777-2 

R                R 

Prom  W.J.  Sando's  crosses,  probably  K  ;eat  X  A.  elonfatum 

7 

45 

TXA 

13-453       3                S 

e 

45 

T-A 

13-466       Sr              sr 

l 

45 

TXA 

16-489        S                 S 

2 

45 

TXA 

16-491       S 

- 

4 

45 

TXA 

16-492       HR               HR 

5 

45 

TXA 

16-493       S                S 

3 

45 

TXA 

18            S                 3 

• 

9 

45 

TXA 

19           HR               R 

10 

45 

TXA 

23           HR               M 

6 

45 

30           HR               R 

20 

45 

TXA 

50           HR               R 

23 

45 

TXA 

52           HR               ■ 

24 

45 

TXA 

52           Hns              HRa 
Canadian  hybrids  frore  T.  M.  Stevenson 

21 

45 

TXA 

76          HR              R 

(Kharkov  X  A.  elonp;atum) 

Wheat  X  A,»  Klaucum  hybrids»  Canadian 

26 

45 

TXA 

72            S                 S 

22 

45 

TXA 

77            HR                HR 
(Chinese  X  A.  elonratum)  X  Chinese  F7 

17 

S- 

14-6 

R                R 

18 

s- 

14-2- 

•7            HR                R» 

• 

19 

s- 

19-5 

HR               R 
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Table  6.   (concl.).-* 

: 
Pot: 

KSC  Serial  No.tR6adlne  by  spray  :  Reading  y  needle 

• 

no.: 

inoculation    ,   inoculation 

•               • 

W.  J.  San do  hybrids t 

Ap.ropyron  parent  not  speoifled 

27 

45  TXA  87 

HRm               HR 

28 

A  91 

HR                R 

29 

45  TXA  96 

R                 V 

SO 

45  TXA  100 

HR                R 

31 

45  T.XA  101 

HR                R 

32 

45  TXA  103 

HR                R 

33 

45  TXA  105 

n            K 

34 

45  TXA  106 

HR                HR 

35 

45  TXA  109 

HR                HR 

36 

45  TXA  110 

M                  S 

37 

45  TXA  111 

K                 li 

- 

38 

45  TXA  113 

Rm              sr 

39 

45  TXA  114 

sr              s 

• 

13 

ostar,  C.I.  12110 
Susceptible  check 

3              s 

40 

tar,  CI.  12110 
Susceptible  check 

S                   5 

25 

Nabob  C.I.  8869 
Res .  check 

HR                HR 

*  HR 

-  Near  immunity 

R 

=  Occasional  lesion 

li 

=  Slight  resistance 

S 

s  Susceptible 

In  segregating  lines  capitals  Indicate  predominant 

. 

group. 
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In  an  additional  tost,  five  Arropyron  species,  elon^atum 
trlohophorum,  j'luucinn,  intermedium,  and  smlthll,  all  gave  zero 
readings  when  tho  spray  inoculation  method  wa3  used.  Pour 
Viestar  checks  gave  susceptible  readin  s.  The  Immunity  of 
these  Agropyron  species  to  infection  by  Septorla  trltlclt  Rob., 
is  evident.   Tho  high  degree  of  resiatanoo  possessed  by  the 
Ap.ropyron  parents  appears  to  bo  readily  transmitted  to  their 
hybrid  progony.  Tho  hybrid  material  provides  a  new  source 
of  resistance  to  this  disease. 

Reaction  to  Other  Diseases.   Natural  bunt ,  Tlllotla 
species,  infection  in  the  wheat  X  A.  elonr.atum  croup,  1946 
rows  4663-4B03,  was  reported  by  Pattorson  (44).   In  1948, 
no  bunt  Infection  was  evident;  therefore,  It  appears  that  un- 
der field  conditions  in  Kansas,  the  hybrid  material  cannot  be 
too  susceptible  since  the  infection  present  in  1946  had  dis- 
appeared by  1948.  A  bunt  nursery  established  in  1947  failed 
to  give  any  bunt  readings.   In  order  to  test  this  further, 
171  of  the  most  rust  resistant  lines  wore  bunted  and  planted 
In  the  1949  disease  nursery. 

Tho  Trltlcum-Aftropyron  nursery  has  been  isolated  from  the 
wheat  breeding  nursery;  this  has  given  little  ohanco  for  natural 
loose  smut,  Ustllar.o  trltlcl.  Infection  in  the  hybrid  material. 
Med-Hope  X  Pawnee,  C.I.  I2l41»  susceptible  to  loose  smut,  how- 
ever, has  beon  used  as  a  wheat  cheok  in  the  Trltlcum-A,ror>yron 
nu  aery.   It  oould  have  served  as  an  Inoculum  carrier.  Two 
lines  of  the  hybrid  material  had  a  low  rate  of  infection.   In 


order  to  test  for  loose  smut  reactions*  a  total  of  629  heads 
from  81  leaf  rust  resistant  lines  were  Inoculated  In  the 
1948  nursery  and  seeded  In  the  1949  whe«t  breeding  nursery. 

In  1947,  ergot,  Clavlcops  species,  was  present  In  the 
hybrid  population  In  varying  amounts.  The  wheat  X  £.  elonga- 
tum  group,  1946  rows  4664-4003,  had  ergot  counts  ranlng  from 
zero  to  30  per  cent  with  an  average  of  approximately  2.3  per 
cent.  The  remaining  hybrids  showed  a  much  higher  rate  of 
ergot  Infection  with  percentages  of  5,  10,  an  1  20  occurring 
most  frequently.  Tho  maximum,  90  per  cent,  occurred  In  a 
Mlndum  X  A.  trlchophorum  hybrid.  These  hybrids  generally  had 
high  Infection  rates,  50  per"  cent  being  observed  in  a  number 
of  lines.  Wheat  X  _A.   laucum  amphidiplolds  also  had  lnfeo- 
tlon  percentages  of  50  to  GO. 

Ergot  infeotion  in  1948  dropped  considerably  from  the 
high  1947  rate  even  though  the  nursery  was  reestablished  on 
the  same  plot  that  it  had  occupied  in  1947.  The  maximum  in- 
fection, 10  per  cent,  ocourred  in  a  wheat  I  £.  glaucum 
amphidiplold.   In  1222  lines  examined,  12  had  an  Infeotion 
of  one  per  oent,  four  had  two  per  cent,  and  one  had  five  per 
cent.  This  appeared  to  bw  representative  of  the  hybrid 
material  in  the  1948  nursery. 

The  smaller  incidence  of  infection  could  have  beon 
ascribed  to  two  factors  -  drier  weather  conditions  during 
blossomlnc  time  and  increased  fertility  of  the  hybrids.  The 
Canadian  workers  generally  have  stated  that  they  believed  the 
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incidence  of  Infection  would  be  reduced  as  fertility  was 
Increased,   seed  planted  In  the  1948  nursery  was  partly  se- 
leotod  on  the  basis  of  plumpness  and  seed  size.  This  may 
have  beon  instrumental  In  selecting  for  more  fertile  llnest 
for  Thompson  (73)  noted  that  seed  shrivelinc  often  indi- 
cates chromosome  unbalance. 

Brown  necrosis  or  melanism  was  noticed  on  many  of  the 
hybrids  in  the  field.  KcFadden  (37)  states  that  thi3  Is  not 
a  disease  in  Itself  but  rather  a  type  of  reaction  to  rust, 
especially  stem  rust,  when  the  plant  shows  the  mature-plant 
type  of  resistance.   Pentad,  Hope,  and  H-44  wheats  and  their 
hybrids  are  especially  affected  in  this  way.  The  condition 
is  aggravated  by  lone  periods  of  high  light  intensities.  The 
many  X-type  readings  obtained  in  seedling  tests  could  possi- 
bly be  associated  with  brown  necrosis  In  the  field. 

Variation  for  mildew  reaction  was  noticed  in  the  lines 
used  for  the  Septorla  test.   Infection  persisted  in  some 
lines  despite  the  use  of  sulfur  dusts.  Other  lines  did  not 
show  any  infection  at  all. 

Sharp  difference  in  aphid  resistance  was  also  noted  In 
the  same  material.  Line  4759-2,  wheat  X  _A.  elonr.atum,  In  pot 
numbor-  14,  was  free  from  aphlds  while  the  material  in  sur- 
rounding pots  was  heavily  infested.  Many  of  the  other  lines 
also  were  free  of  aphlds,  but  the  distinction  was  not  as 
evident. 


67 


Agronomic  Char actors 

iVlnterhardlness.  The  winters  of  1946-47  and  1947-48 
wore  moderate}  snow  covering  was  present  during  the  coldest 
periods.   In  the  wheat  breeding  nursery,  winterkilling  was 
not  evident  except  In  a  few  rows  of  material  with  very  lim- 
ited wlnterhardlness. 

Winter  survival  of  the  material  In  the  1947  wheat  X 
i^ropyron  nursory  is  given  In  Tables  7  and  8.   Readings  are 
based  on  dead  plant  counts  and  comparisons  with  the  wheat 
checks.   Some  of  the  rows  were  badly  damaged  by  washing  early 
In  tho  spring.  These  are  not  Included  In  the  survival  data. 
Varying  totals  for  the  same  groups  In  other  tables  are  due 
to  Inclusion  or  exclusion  of  these  rows. 

The  1947  nursery  was  composed  mostly  of  bulk  material. 
Winterkilling  differences  would  not  be  so  noticeable  In  such 
material  as  in  plant-selected  materials.  The  annual,  wheat  X 
Ar.ropyron  olonr.atum  group  shows  the  severest  wintorkllllng. 
Some  spring  wheats,  especially  Federation,  C.  I.  4734,  are 
known  to  be  present  in  tho  wheat  parentago  and  could  have  con- 
tributed to  ti  e  loss  of  wlnterhardlness  In  the  annual  group. 

Less  winterhardy  segregates  apparently  are  present  in 
much  of  tho  bulk  material,  as  evidenced  by  some  winterkilling 
in  most  of  tho  material  in  only  a  moderate  winter. 

The  matorial  in  tho  three-foot  rows,  Table  8,  13  notice- 
ably more  susceptible  to  winterkilling  than  the  eight-foot-row 
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material,  Table  7.  This  has  bean  due  partly  to  differences 
In  rate  of  sowing* 

Taken  as  a  Eroup,  the  wheat  X  A;;ropyron  material  is  not 
so  wintorhardy  as  tho  winter  wheat  checks,  three  of  which, 
Pawnee,  Kanred,  and  Cheyenne,  aro  well  adapted  in  winterhardi- 
ness  to  the  Kansas  hard  red  winter  wheat  area*  Tho  material 
was  not  analyzed  statistically  for  differences  in  survival  be- 
tween annual  and  more-or-lesa  perennial  lines* 

The  material  in  tho  eight-foot  rows  of  the  1948  nursery, 
Table  9,  13  composed  entirely  of  the  better  lines  present  and 
harvested  in  the  1947  nursery.  Survival  values  vary  but  slight- 
ly. 

The  three-foot-row  material  of  the  1948  nursery,  Table  10, 
consisted  of  head  selections  from  the  bettor  1947  three-foot- 
row  lines,  rust  resistant  plant  selections  of  tho  wheat  X  A. 
olonp;atum  hybrid  material  (1946  rows  4664-4803)  tested  in  the 
greenhouse,  wheat-like  selections  made  in  1946  from  the  sane 
material,  and  selections  of  Mindum  X  A,,  trlchophorum  back- 
crossed  to  winter  wheat.  Survival  values  were  based  on  actual 
plant  counts  In  tho  fall  and  spring.   It  is  quite  evident  that 
the  material  Is  not  so  good  as  the  wheat  checks  used. 

Of  special  interest  are  tho  two  groups  of  Mlndum  X  £• 
trlchophorum  derivatives.  Mindum,  the  orieinal  wheat  parent, 
la  a  durum  variety  and  not  expected  to  be  wlnterhardy.  Winter- 
hardiness  in  the  original  hybrids  must,  then,  have  come  from 
tho  Agropyron  parent.   Tho  second  backoross  to  winter  wheat  has 
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raised  the  survival  percentage  considerably.  The  difference 
appears  to  be  significant. 

Two  contributing  faotors  must  also  be  taken  into  a  con- 
sideration of  the  results  obtained  in  the  1948  nursery.  Sune- 
son  and  Pope  (72)  state  that  nitrogen  appears  to  be  a  limiting 
factor  in  winter  survival.  The  protein  relationship  to  winter- 
hardiness  also  has  been  stressed  by  the  Russian  workors  (77). 
Due  to  dry  weathor  conditions,  the  plowed-under  stubble  of  the 
previous  nursery  had  hardly  begun  to  decompose  by  the  time  the 
1948  orop  was  seeded.  This  probably  established  a  wide  car- 
bon-nitrogen ratio  In  the  soil,  setting  up  a  nitrogen  deficien- 
cy as  indicated  by  yellowed  seedlings  which  were  very  much  in 
evidence  in  the  fall  of  1947.  The  development  of  the  seed- 
lings was  further  retarded  by  a  lack  of  moisture  in  the  fall. 
Many  did  not  tiller  before  wintor  set  in.  Kovaleva  (30) 
states  that  the  Trl tlcum-Ap:ropyron  hybrids  are  not  winter- 
hardy  until  well  past  the  two  to  three  leaf  stage.  There- 
fore, both  of  the  faotors  listed  could  have  contributed  to 
reduced  survival. 

The  hybrids,  except  in  a  few  cases,  did  not  appear  as 
vigorous  as  the  wheat  checks  at  any  time.  Wheat  parents  o, 
a  probable  nitrogen  deficiency,  and  retarded  development 
were,  possibly,  the  chief  factors  controlling  survivol  varia- 
tion. 

Fall  Upgrowth.  In  order  to  study  fall  regrowth  and  per- 
ennial tendencies,  the  section  of  the  1947  nursery  containing 
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the  more-or-leso  perennial  wheat  X  VW  elonratum  hybrids  was 
not  disturbed.  Regrowth  notes  were  taken  on  September  0, 
1947f  and  again  on  November  21,  1947.  The  number  of  plants 
in  each  row  containing  porennial  plants  at  those  dates  Is 
given  In  Table  11.  Thirty-seven  rows  in  thl3  group  had  no 
plants  at  either  date.  The  highest  number  of  plants  In  any 
one  row  at  the  first  reading  was  69,  and  on  the  second,  24 
plants.  The  average  number  of  plants  per  row  in  the  lines 
showing  some  perennial  tendencies  at  the  first  reading  was 
9.76.   At  the  second  date  this  had  bean  reduoed  to  4.74  plants 
per  row.  Only  48.6  per  cent  of  the  number  of  plants  seen  on 
the  earlier  date  were  still  alive  on  November  21,  1947.  A 
check  in  the  spring  of  1948  indioated  that  most  of  the  re- 
maining plants  had  died  during  the  winter. 

One  line  of  wheat  X  /W  trlohophorum  hybrid  material  had 
12  plants  on  the  first  date  and  seven  on  the  seoond  reading. 
A  seoond  line  had  no  regrowth  at  either  date.  No  regrowth 
was  noted  in  t  e  one  line  of  wheat  X  A.  rlaucum  Included  in 
this  group. 

At  best,  only  limited  perennlallsm  is  indicated  by  the 
material  studied  in  this  project. 

Helrht.   The  very  wide  range  of  the  heights  of  the  hybrid 
is  evident  in  Tables  12,  13,  and  14.   In  1947,  Table  12,  the 
wheat  oheeks  had  a  height  range  of  37  to  46  Inches,  the  grass 
checks,  18  to  42  inches,  and  the  hybrid  material,  25  to  53 
inches.  Approximately  30  per  cent  of  the  hybrids  were  taller 
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Table  11 , 

.   Fall 

rogrowth  0f 

moro-or-le 

as  perennial  wheat 

X  A," 

■. Loa ■;.'■'.  :  tartorl  '.;-.,  1947 

nursery. 

•' 

riant3 

:  Wants 

:  ' 

:  Plants 

:  Plants 

1047   : 

per  row 

:  per  row 

:  1947 

:  per  row 

:  per  row 

Row  no • t 

9/8/47 

:  11/21/47 

t  now  no. 

:  9/8/47 

:  ll/si/47 

6 

2 

0 

26 

18 

9 

7 

29 

20 

28 

8 

2 

8 

25 

15 

29 

24 

13 

S 

1 

0 

31 

1 

0 

10 

1 

0 

32 

3 

2 

11 

3 

2 

38 

1 

1 

12 

0 

1 

39 

1 

1 

13 

1 

0 

41 

0 

8 

14 

2 

0 

56 

1 

1 

15 

69 

24 

59 

1 

5 

16 

25 

13 

60 

21 

6 

17 

18 

7 

61 

7 

1 

18 

22 

9 

67 

9 

8 

19 

1 

2 

76 

0 

1 

21 

1 

0 

79 

0 

1 

22 

20 

12 

89 

1 

0 

23 

20 

9 

90 

1 

0 

24 

33 

20 

91 

4 

0 

25 

7 

5 

92 

2 

0 

94 

4 

0 

Total  number  of  plants,  9/8/47:  381. 
Total  number  of  plants ,  11/21/47:  185. 
Per  cent  aurvivine*  11/21/47:  48.6. 
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than  the  tallest  wheat  check}  60  por  cent  had  heights  within 
tho  range  of  the  wheat  checks,  and  10  per  cent  were  shorter. 
The  average  hybrid  was  about  two  Inches  taller  than  the 
average  wheat  check. 

The  1948  heights  are  generally  shorter  than  those  of 
1947.   In  the  eight-foot  rowa»  Table  13,  the  range  of  the 
wheat  checks  Is  from  27  to  35  Inches  with  an  average  of  31.14 
Inches  -  the  two  tall  wheat  chocks  of  1947,  Kanred  and 
Cheyenne»were  not  used.  The  hybrid  group  had  a  range  of  23 
to  45  Inches  and  an  average  height  of  35.52  inches.  Approx- 
iaately  50  per  cent  of  the  hybrids  were  taller  than  the  tall- 
est wheat  check;  moat  of  the  others  were  in  tho  range  of  the 
wheat  oheoks. 

In  the  1948  three-foot-row  material,  Table  14,  the  hybrid 
range  was  from  12  to  46  inches  as  compared  to  the  29  to  36  inch 
range  of  the  wheat  checks.  Only  about  16  per  cent  were  taller 
than  the  talloat  wheat  checks}  51  per  cent  of  the  hybrid 
heights  were  in  the  range  of  the  wheat  checks,  while  one- 
third  were  shorter.  Tho  average  heights  of  the  hybrids  and 
wheat  checks,  however,  are  much  the  same. 

Most  of  tho  hybrid  material  is  well  within  the  height 
range  of  the  wheat  cheoks  used.  Taller  and  shorter  material 
was  abundant,  however. 
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Table  13. 

Distribution  of  the  heights  of 

wheat 

X  Arropyron 

• 

hybrids. 

1948  nursery.  oinht-i 

root  rows. 

He  I 
ln< 

: 

Hybrid  material 

: 

heat 
:  aeki 

.ghtjV'hoat   A"  '"heat  x  A*   "heat  1  A. 

ihesreloncatum  itrlchophorums  Elaucum- 

:Kisc. 

!Total:c 

45 

0 

0 

0 

2 

2 

0 

H 

44 

0 

0 

0 

1 

1 

0 

t 

43 

1 

0 

2 

0 

3 

0 

42 

7 

0 

0 

3 

10 

0 

+> 

41 

2 

0 

0 

0 

2 

0 

■4 

40 

1 

0 

0 

2 

3 

0 

4} 

39 

2 

0 

0 

2 

4 

0 

1 

38 

6 

0 

1 

2 

9 

0 

■ 
•H 

37 

4 

0 

0 

2 

6 

0 

l 

36 

16 

0 

0 

4 

20 

0 

35 

10 

1 

0 

4 

15 

1 

O 

34 

9 

0 

0 

5 

14 

1 

a) 

33 

6 

1 

0 

1 

8 

3 

32 

7 

0 

0 

1 

8 

0 

, 

d 

•H 

31 

6 

2 

0 

0 

8 

3 

30 

1 

0 

0 

2 

3 

4 

R 

29 

2 

0 

0 

0 

2 

0 

. 

8 

28 

1 

0 

0 

0 

1 

1 

Ct 

27 

0 

0 

0 

0 

0 

1 

O 

26 

2 

0 

0 

0 

2 

0 

• 

25 

0 

0 

0 

0 

0 

0 

1 

24 

0 

1 

0 

0 

1 

0 

23 

0 

1 

0 

0 

1 

0 

Total  no. 

of 

rows 

83 

6 

3 

31 

123 

14 

Av 

.  ht. 

inches 

36.19 

29.50 

41.33 

37.0 

35.52 

31.14 

Wheat  checks:  Kawvale-Marquillo 

X  Kawvale 

-Tonnarq.  C.I 

.12128 

Med-Hope  X  Pmbm 

,  C. 1.12141 

• 

Pawnee 1 

,  C. 1.11669 
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.o;  ;.   ,,  :.o .   LnM  Mm  hnur  demand  bta  been  for 
earlier  wheat  varieties ,  the  heading  date  of  wheat  breeding 
material  la  of  much  Importance.   The  average  heading  date  of 
the  wheat  X  Anropyron  hybrid  material  In  the  1947  nursery. 
Tables  17  and  18,  Is  considerably  later  than  tho  average  head- 
ing date  of  the  wheat  checks  U30d.   Pawnee,  C.  I,  11669,  a 
fairly  early  variety  considered  to  have  about  the  Ideal  head- 
ing tl:r.e  for  much  of  Kansas,  headed  on  May  22  In  1947,  and 
one  day  earlier  In  1948.   Very  little  of  the  hybrid  material 
headed  as  early  a3  Pawnee.   Rows  were  considered  headed  when 
75  per  cent  of  the  heads  were  out  of  the  boot. 

Tho  earliest  heading  date  recorded  In  the  eight-foot- 
row  material  In  1947,  Table  15,  was  May  20l  the  last  line 
headed  on  the  12th  of  Juno.  The  average  heading  date  was  May 
31.  The  wheat  cheoka  headed  from  May  19  through  the  25th  with 
the  22nd  as  the  average  date*   None  of  the  hybrids  headed 
earlier  than  the  wheat  checks;  30  per  cent  headed  within  the 
heading  date  range  of  tho  checks,  leaving  70  per  cent  with  a 
much  later  heading  date.  Host  of  these  headed  about  one  week 
later  than  tho  last  date  recorded  for  any  of  the  wheat  checks. 
Two  of  the  wheat  cheoks,  Kanred  and  Cheyenne,  are  not  con- 
sidered early  wheats. 

In  the  three-foot  row3  of  the  1947  nursery.  Table  16,  ap- 
proximately 89  per  cent  of  the  hybrids  headed  later  than  any 
of  the  wheat  checks,  10  per  cent  within  tho  range  of  the 
checks,  and  1  por  cent  were  earlier.  Headlnr  dates  of  the 
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Table  17. 

Distribution  of 

heat'. 

dates  of 

v.  eat 

X  Afropyron 

> 

hybrids ,  1948  : 

nursery, 

elfht-foot  rows 

i. 

Heading  :£ 

Hybrid  matorial 

:Wheat 

;  >at    A_.  r'.-'ieat  31 

A.   :V.!.eat  "  A.: 

: 

* 

date   : 

elongatumttrictiophor           :I.;isc. : 

Total 

:  chocks 

5-19 

0 

0 

0 

1 

1 

6 

5-20 

0 

0 

0 

1 

1 

5 

'i-21 

3 

0 

0 

0 

3 

1 

5-22 

1 

0 

0 

0 

1 

0 

5-23 

3 

0 

0 

0 

3 

1 

i 

5-24 

6 

0 

0 

1 

7 

0 

49 
4 

5-25 

4 

1 

0 

2 

7 

2 

•a 

5-26 

3 

1 

0 

3 

7 

0 

Si 

5-27 
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0 

1 

3 

0 

o 

4 

5-20 

7 

0 

0 

0 

7 

0 

i 

5-29 

6 

0 

0 

3 

9 

0 

■p 

5-30 

3 

0 

0 

1 

4 

0 

a 

5-31 

3 

0 

1 

0 

4 

0 

T) 

6-  1 

8 

0 

0 

5 

13 

0 

6-  2 

6 

0 

0 

0 

6 

0 

• 

1 
J 

6-  3 

5 

0 

1 

4 

10 

0 

6-  4 

2 

0 

0 

0 

2 

0 

a 

6-  5 

2 

0 

0 

2 

4 

0 

. 

s 

6-  6 

0 

0 

0 

0 

0 

0 

E 

G-  7 

0 

0 

0 

4 

4 

0 

ti 

6-  8 

1 

0 

0 

1 

2 

0 

0 

6-  9 
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1 

0 

1 

4 

0 

fa 

6-10 

1 

1 

0 

0 

2 

0 

6-11 
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1 

0 

2 

7 

0 

6-12 

3 

0 

0 

0 

3 

0 

■ 

6-13 

2 

0 

0 

0 

2 

0 

6-14 

0 

0 

0 

0 

0 

0 

6-15 

0 

0 

0 

0 

0 

0 

6-16 

6 

1 

1 

0 

8 

0 

6-17 

0 

1 

0 

0 

1 

0 

6-10 

1 

0 

0 

0 

0 

0 

Total  no. 

of 

rows 

84 

7 

3 

32 

126 

15 

Av 

•  date 

he 

a  ding 

6-1 

6-7 

6-6 

6-1 

6-2 

5-21 

Wheat  checks:  Kawvale- 

-Marquillo  X 

Kawvale-Tenmarq,  C»I 

.12128 

Med-Hope  7. 

Fav.nee,  ( 

3.1.12141 

Pawnee, 

C.l 

.11669 

• 

Grass  chocks  remaining 

from  1947  nursery : 

Apiropyron  trichophorum  hoaded 

5-26-4E 

Apropyron  1 

ntermedium  headed 

6-  7-48 

Anropyron  ftlaucum 

headed 

.  6-  7-48 

Ag.ro  pyron  o 

'..       :   ■ 

.13  '   0 

Y  : 

G-CO 

to  6-30-43 
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hybrids  extended  from  May  22  to  June  13,  with  June  5  as  an 
average.  The  wheat  checks  headed  from  May  23  to  31,  with 
May  26  as  an  average  heading  date. 

The  hybrids  In  the  1948  eight-foot-row  nursery,  Table  17, 
headed  over  a  period  of  about  one  month,  extending  from  May  19 
to  June  18.  Average  heading  date  was  on  June  2.  Approx- 
imately 18  per  cent  of  the  hybrids  headed  during  the  heading 
period  of  the  wheat  checks.  May  19  to  24.  Tho  average  head- 
ing date  of  the  hybrid  material  was  nearly  two  weeks  lator 
than  the  average  headlnr  date  of  t!  e  checks. 

Similar  results  were  obtained  in  the  three-foot-row  mate- 
rial in  1948,  Table  18.  The  wheat  checks  headed  from  May  18 
tc  29,  with  May  23  as  an  average  date.  Only  about  19  per  cent 
of  the  hybrids  headed  during  the  same  period.  Heading  dates 
of  the  hybrid  material  extended  frorr  May  19  to  June  24,  with 
June  6  as  the  average  heading  date. 

It  Is  obvious  that  only  a  small  percentage  of  the  hybrids 
have  the  desired  early  heading  and  that  most  of  the  raatorial 
Is  too  late  as  it  now  stands.  This  sug  eats  the  need  for 
further  baokorossing  and  selection  to  establish  an  acceptable 
degree  of  earllness. 

Yield.  Yields  of  t.-.e  1947  wheat  x  Arropyron  hybrid 
matorial  are  oompured  with  the  wheat  check  yields  In  Table  19 
and  a  similar  comparison  for  1948  is  presented  in  Table  20. 
The  average  yield  for  each  group  of  matorial  was  not  calcu- 
lated. 
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In  1947,  approximately  4  per  cent  of  the  hybrids  yielded 
above  35  bushels  per  acre,  while  approximately  83  per  oent 
did  not  yield  above  25  bushels  an  acre.   Meanwhile,  9  out  of 
the  10  wheat  checks  yielded  from  31  to  55  bushels  an  acre. 

In  1948,  the  hybrid  yields  were  lower  than  in  1947. 
This  was  partly  due  to  the  fact  that  selection  for  ruat  re- 
sistance had  been  exeroisodj  since  many  of  the  higher-yield- 
ing hybrids  in  1947  were  rust  susceptible,  they  were  not 
seoded  in  1948.  This  helped  to  reduce  the  number  of  high- 
yielding  hybrid  lines.  An  occasional  high-yielding  hybrid 
line  was  observed,  however. 

Thus,  In  general,  the  hybrids  do  not  yield  very  well  in 
oompariton  with  the  wheat  checks.   If  later  observations 
prove  that  the  few  high-yielding  hybrids  have  also  retained 
the  desirable  Apyopyron  characters,  then  real  progress  has 
been  made. 

Test  Weights.  Tho  estimated  te3t  weights  per  bushel  of 
the  wheat  X  Ar.ropyrcn  hybrids  are  compared  with  the  wheat 
checks  in  Tables  21  and  22.   In  1947,  Table  21,  nearly  all 
of  the  estimated  test  weights  of  the  hybrids  ranged  from  52 
to  58  pounds  per  bushel,  with  most  of  them  in  the  55,  56, 
and  58  pound  range.  The  wheat  checks  averaged  60  pounds  per 

bushel- 

In  1948,  the  largest  group  of  estimated  test  weights  lay 
in  the  47  to  53  pounds  per  bushel  range.  This  compares  with 
the  estimated  test  weights  of  59  pounds  and  above  for  the 
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Table 

22. 

Dls' 

brlbutlon 

of  estimated  test  weights 

per 

bushel t 

wheat  X  Ar.ropyron  hybrids, 

eight-foot 

rows 

,  1948 

nursery. 

:;ot.: 
teat:! 

]'y'.r'j.d   mate 

rial 

t 

: Wheat 

'boat 

t  K 

. :  wheat  : 

A,  :  v.neat  y.  _, 

v.  :i-iscoi-: 

\vt.  telongatum 

strichopl 

io  rum:  /»1 

auo  ■-  • 

: lanooua : 

Total 

:  chocks 

62 

0 

0 

0 

0 

0 

2 

61 

0 

0 

0 

0 

0 

4 

60 

0 

0 

0 

0 

0 

4 

59 

0 

0 

0 

0 

0 

3 

58 

0 

0 

0 

0 

0 

2 

57 

3 

0 

0 

0 

3 

0 

56 

4 

1 

0 

1 

6 

0 

55 

3 

0 

1 

0 

4 

0 

54 

4 

0 

0 

0 

4 

0 

53 

18 

0 

0 

1 

19 

0 

52 

6 

0 

0 

1 

7 

0 

51 

7 

0 

0 

0 

7 

0 

50 

6 

0 

0 

1 

7 

0 

49 

8 

0 

0 

4 

12 

0 

• 

48 

2 

0 

0 

2 

4 

0 

47 

7 

1 

0 

4 

12 

0 

46 
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1 

0 

1 

6 

0 

. 

45 

1 

0 

0 

2 

3 

0 

44 

0 

0 

0 

0 

0 

0 

43 

1 

0 

0 

1 

2 

0 

42 

2 

0 

0 

3 

5 

0 

41 

2 

0 

0 

1 

3 

0 

40 

2 

0 

0 

0 

2 

0 

39 

1 

0 

0 

0 

1 

0 

38 

0 

0 

0 

1 

1 

0 

37 

0 

1 

1 

0 

2 

0 

36 

3 

0 

1 

2 

6 

0 

35 

0 

0 

0 

0 

0 

0 

34 

1 

0 

0 

1 

2 

0 

33 

0 

0 

0 

1 

1 

0 

32 

0 

0 

0 

0 

0 

0 

31 

0 

0 

0 

0 

0 

0 

30 

0 

0 

0 

1 

1 

0 

29 

0 

1 

0 

0 

1 

0 

28 

0 

0 

0 

1 

1 

0 

Total 

86 

5 

3 

29 

122 

15 

■  hMit 

c;  ecks: 

Kawvale-1 

tfarqulllo 

X  Kawvale-Tonmarq.  C. 

1.12128 

Med-Hopo 

X  Pawnee i 

C.  !•. 

12141 

• 

Pawnee »  i 

3. 1.11669 
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wheat  chocks.  Again,  many  of  the  wheat-like  hybrids  that 
had  the  higher  test  weights  in  1947  woro  not  seeded  in  the 
1948  nursery. 

The  difficulty  of  combining  the  rust  resistance  of  the 
Agropyron  species  with  the  yield  and  high  test  weights  of 
wheat  is  emphasised. 

Threshinr  Characteristics.   Difficulty  in  threshing  was 
encountered  in  some  of  the  hybrid  material.  The  threshing 
percentages  in  Tables  23  and  24  represent  the  amount  of  grain 
obtained  In  the  first  run  through  a  large  nursery  thresher  in 
comparison  with  the  total  amount  obtained;  the  total  was  com- 
posed of  the  amount  obtained  in  the  fir3t-run  threshing  plus 
the  quantity  obtained  when  th->  tailings  were  run  through  a 
small  head  thresher. 

The  results  indicate  that  so:-.e  difficult  in  threshing 
was  encountered  in  a  majority  of  the  lines.   Since  most  of 
this  material  represents  bulks,  it  is  probable  that  easy- 
threshing  lines  could  be  selected  out  of  most  of  the  material. 
The  fact  that  so  many  of  the  hybrids  do  thresh  relatively 
easily  13  an  exceptional  feature  In  the  material. 

For  milling  purposes,  the  grain  3hould  be  free  of  adher- 
ing glumes.   Therefore,  the  clean-threshing  percentages  pre- 
sented in  Tables  25  and  26  are  of  some  interest.  A  visual 
estimate  of  the  grain  samples  indicated  that  most  of  the  grain 
is  free  threshing.  This  is,  of  course,  a  highly  desirable 
charaoter.  Again,  however,  it  should  be  emphasized  that  these 
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bulks  are  mostly  wheat-like  selections.  Many  of  the  lines 

in  the  plant-  and  headed-selected  rust  resistant  material  show 

the  glumes  adhering  to  the  grain. 

Kernel  Colors.   A  variety  of  kernel  colors  was  observed 
in  the  hybrid  material.  Red  was  the  predominant  color,  but 
many  of  the  intermediate  types  produced  green  and  brown  ker- 
nels. Various  shades  of  green,  from  a  bluish-green  to  a 
greenish-brown,  were  observed.  White  wheats  apparently  huve 
been  used  in  the  crosses  or  backcrosses  for  some  lines  pro- 
duced white  kernels  almost  entirely. 

A  total  of  1,683  heads  were  selected  in  the  1948  nur- 
sery for  fall  planting  in  1949.   While  examining  the  grain  of 
these  heads,  it  was  observed  that  the  kernels  were  not  all  of 
the  3ame  color  even  in  the  same  head.  A  oloser  check  revealed 
that  this  occurred  in  113  out  of  t ho  1,603  heads  selected,  or 
in  6.6  per  cent  of  tho  heads.   The  113  heads  came  from  64 
different  rows. 

Wheat,  normally,  carries  color  only  in  the  testa  or  the 
cross  layers  of  the  pericarp;  this  is  maternal  tissue  and 
should  therefore  carry  the  same  color  in  all  of  the  kernels 
produced  on  one  plant.  Therefore,  it  appears  that  probably 
an  aleurone  color  has  been  introduced  into  the  hybrid  caterlal 
from  the  Apropyron  parents  or  from  the  rye  used  in  some  of  the 
crosses.  The  differently-colored  kernels  could,  then,  be  due 
to  segregation  for  factors  governing  the  expression  of  aleurone 
colors  and  a  manifestation  of  xenia.  Masing  (36),  in  reviewing 
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tho  literature  on  xenia  In  wheat,  concludes  that  it  la  not 
found  in  wheat  unless  interspecific  or  lntergeneric  hybrid- 
isation has  been  employed.   Aase  (2)  3tates  that  xenia  is 
not  readily  dlscernable  in  the  small  grains.  The  introduction 
of  an  aleurone  color  into  wheat  is  of  considerable  interest. 

The  different  colors  could  have  resulted  from  either 
self-  or  cross-pollination,  depending  on  the  homozygosity  or 
heterosygoalty  of  the  factors  governing  the  expression  of 
color.   It  could,  however,  bo  assumed  to  indicate  that  a  good 
deal  of  natural  orossing  is  occurring  between  the  hybrid  lines 
in  the  nursery.   Suneson  and  Pope  (72)  state  that  natural 
crossing  in  the  more  stable  lines  exceeds  five  per  cent  and 
is  of  much  practical  value. 

Growth  Anomalies.  Dwarf  seedlings  were  often  observed 
in  the  linos  tested  for  seedling  reactions  to  leaf  rust.  One 
lino  also  produced  albino  seedlings.  A  red  banding  was  ob- 
served in  threo  related  row3  adjaoent  to  each  other  in  the 
1949  nursery.  The  bands,  located  half  way  up  the  youngest 
leaf,  wero  observed  when  tho  seedlings  were  in  the  two  to 
three  loaf  stage  and  about  five  inches  tall.  Tho  fact  that 
the  bands  were  nearly  equidistant  from  the  ground  level  strong- 
ly suggests  the  possibility  of  an  environmental  influence 

Coleoptlla  Color.  A  green  coleoptllo  color  is  character- 
istic of  many  wheat  varieties,  although  some  have  coleoptllos 
showing  varying  degrees  of  red  color.  Many  of  the  other  grasses 
have  distinctly  red-colored  coleoptilea,  the  color  often  being 
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so  dark  as  to  approach  purple*  An  attempt  was  made  to  cor- 
relate this  red  colooptlle  oolor  with  loaf  rust  resistance; 
results  Indicated)  however)  that  there  was  no  apparent  cor- 
relation between  the  two  factors* 

Salt  Tolorance.   In  the  salt  test  described  under 
Materials  and  Methods »  variation  in  tolerance  was  observed  in 
the  group  of  hybrids  subjected  to  tl.e  sodium  chloride  (Nad) 
treatment.  The  sodium  sulfate  (NagS04,  anhydrous)  treatment 
had  no  apparent  harmful  effect  on  any  of  the  lines  tested;  in 
fact,  the  foliage  appoared  to  be  a  more  healthy  bluish-green 
oolor  when  oompared  with  tho  untreated  checks.  The  group 
treated  with  the  six  grams  of  NaCl  (which  was  added  in  two 
applications  of  one  and  five  grama  each),  however,  showed 
sharp  differences.  Th3  two  wheat  varieties  included,  Westar 
and  Nabob,  also  behaved  differently.  Nabob  wilted  badly  in 
four  days  after  the  five  grams  were  added  and  died  soon  after- 
ward, veatar,  on  the  other  hand,  was  more  tolerant  than  many 
of  the  wheat  X  Agropyron  hybrids.  When  the  final  results  were 
observed  on  U*b  12th  day  after  tho  five  grams  of  salt  were 
added,  Nabob,  vostar,  and  82  of  the  hybrid  lines  were  dead, 
nine  hybrids  still  had  a  few  green  leaves,  three  had  quite  a 
number  of  green  loaves,  and  four  were  still  in  fairly  good 
condition.   Plate  I  shows  the  sharp  differences  obtained. 

Failure  of  the  sodium  sulfate  treatment  to  show  effects 
similar  to  tho3e  obtained  from  the  sodium  chloride  treatment 
might  be  due  to  the  differences  in  actual  sodium  content  of 
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the  two  salts  or  to  differences  In  toxicity  of  the  chlorine 
ion  as  compared  with  that  of  the  sulfate  ion.   v.hoth>r  the 
effect  was  one  of  toxicity  or  plasmolysi3  wa3  not  determined. 
It  was  noted,  however,  that  within  48  hours  after  tho  five 
grams  of  NaCl  wore  applied,  water  uptake  was  reduced  sharply. 
An  evaluation  of  the  results  is  difficult  since  the  salt 
toleranoe  cf  v.estar  and  Nabob  In  comparison  with  other  wheats 
la  not  known.   It  Is  evident,  however,  that  differences  in 
sodium  chloride  toleranoe,  which  may  have  been  inherited  from 
the  Agropyron  parent,  existed  in  the  hybrid  material.  Thli 
could  possibly  be  utilized  In  developing  wheats  that  would 
grow  more  readily  on  some  of  the  saline  soils. 
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CONCLUSIONS  AND  SUMMARY 

The  results  of  the  rust  tests  substantiate  the  many  re- 
ports of  rust  resistance  in  Trltlcum-Ar.ro pyron  hybrids.   It 
is  evident  that  lines  resistant  to  the  most  prevalent  races 
of  leaf  and  stem  rust  of  wheat  can  be  seleoted  from  the 
material  now  in  the  nursery. 

The  Agropyron  speoles  tested  were  immune  to  speckled  leaf 
blotch  of  wheat,  ^eptorla  trltici,  Rob.   It  ia  apparent  that 
in  hybridization  with  wheat,  the  Anropyron  spocles  transmit 
this  high  resistance  to  some  of  the  hybrid  progeny.  Thus,  a 
new  source  of  resistance  to  Septorla  trltlcl  i aa  been  lo- 
cated.  This  is  believed  to  be  the  first  report  of  resistance 
of  the  Trltlcum-Arropyron  hybrids  to  this  disease. 

A  relatively  high  rate  of  ergot  infection  was  observed 
In  much  of  the  material,  regardless  of  Agropyron  parentage. 
This  agrees  with  the  results  reported  by  most  of  the  Cana- 
dian workors.  Less  ergot  infection  was  found  in  the  more 
fertile  and  wheat-like  lines.   It  appears  that  it  would  cease 
to  be  troublesome  in  highly  fertile  material. 

The  high  degree  of  winterhardiness  of  the  wheat  X  Agro- 
pyron  hybrids  reported  by  the  Russian  workers  is  not  evident 
in  the  material  studied.  Some  of  the  susceptibility  to 
wlnterkllllnc  may  be  due  to  spring  wheat  parentage.   Back- 
crosses  to  winter  wheat  In  the  Klndum  X  Ar.ropyrcn  trl- 
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ohophorum  hybrids  raised  the  survival  percentages.  This  la 
contrary  to  the  reported  loss  of  winter  survival  when  the 
hybrids  were  backcrossed  to  wheat. 

In  general,  the  hybrid  material  did  not  appear  to  be  as 
vigorous  as  the  wheat  checks  used. 

In  the  material  studied,  selection  has  been  made  for  the 
more  wheat-like  and  disease  resistant  lines.   Perennial  habit 
of  growth  has  not  been  selected  for,  and  observations  on 
plants  showing  regrowth  indicate  that  perennial  tendencies 
are  rapidly  being  lost. 

Host  of  the  hybrids  headed  later  than  Pawnee,  a  standard 
wheat  variety.   A  few  lines  were,  however,  equal  to  Pawnee  in 
this  respect.  Hybrids  earlier  than  the  standard  wheats  appear 
to  be  the  exception  since  the  great  bulk  of  tho  material 
studied  was  later;  this  suggests  that  the  reports  of  hybrids 
heading  much  earlier  than  standard  wheat  varieties,  have 
singled  out  these  exceptional  cases. 

An  analysis  of  the  yield  and  test  weight  data  shows  that 
a  few  of  the  hybrids  are  nearly  equal  to  some  of  the  wheat 
oheoks  in  these  characters.   Tho  bulk  of  the  material  is,  how- 
ever, far  Inferior  to  the  wheat  checks.  This  is  to  be  ex- 
pected since  these  factors  are  quantitatively  Inherited,  and 
the  crosses  are  extremely  wide.  Tho  desired  recombination  may, 
perhaps,  be  obtained  only  after  numerous  baokcrosses  to  wheats. 

Real  progress  has  been  made  in  securing  relatively  easy- 
threshing  and  free -thro shing  lines.  These  wheat  characters 
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appear  to  be  recovered  without  much  difficulty. 

While  an  evaluation  of  the  salt  real  stance  of  the  hy- 
brids was  not  possible  In  the  experiment  reported,  the  data 
do  Indicate  that  a  high  variability  for  this  character 
exists.  This  Indicates  the  possibilities  of  securing  hy- 
brids highly  tolorant  to  saline  soils*  as  suggested  by 
Skosyreva  (66). 

The  many  kernel  colors  reported  for  the  hybrids  have 
not  been  identified  as  aleurone  colors.  Data  presented  are, 
however,  Indicative  of  the  presence  of  aleurone  oolors  in  the 
material  studied.  The  Introduction  of  an  aleurone  color  into 
wheat  is  of  considerable  Interest. 

This  survey  of  tho  hybrid  material  studied  Indicates 
that  the  large  share  of  this  material  is  probably  worthless. 
However,  the  presence  of  exceptional  lines  indicates  that  the 
handling  of  large  numbers  followed  by  careful  selection  and 
backcros3ing  to  wheat  may  bring  the  reward  of  obtaining  a 
hybrid  that  Is  a  "good  wheat"  in  every  respect  and  still  re- 
tains some  of  tho  desirable  Agropyron  oharactors. 

A  review  of  t!  e  literature  reveals  that  great  poten- 
tialities exist  in  tho  intergenerlc  hybridization  of  the  more 
closely  related  Trltlcum  and  Agropyron  species.  While  the 
results  obtained  so  for  are  not  spectacular.  It  is  remark- 
able that  so  much  has  beon  achieved  in  so  short  a  time.   This 
must  be  kept  in  mind  when  ascertaining  the  real  moasure  of 
success  attained. 
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